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About the Institute

Institute of Physics, Bhubaneswar is an autonomous research institution
within the Department of Atomic Energy (DAE), Government of India. The
Institute was established in 1972 by the Government of Odisha and continues to

receive financial assistance from DAE and Govt. of Odisha.

The Institute has a vibrant research programme in the fields of theoretical
and experimental condensed matter physics, theoretical high energy physics and
string theory, theoretical nuclear physics, ultra-relativistic heavy-ion collisions
and cosmology, quantum information and experimental high energy nuclear
physics. The accelerator facilities include a 3MV Pelletron Accelerator and a low-
energy implanter. These are being used for studies in low energy nuclear physics,
ion beam interactions, surface modification and analysis, trace elemental analysis,
materials characterization, and radiocarbon dating studies. One of the important
areas in the Institute is in the field of Nanoscience and Nanotechnology in general
and surface and interface studies in particular.The Institute has several advanced
facilities for sample preparation and for the study of various physical and chemical
properties of nanostructures and bulk condensed matter systems. The Institute
is actively involved in the International Collaborations with CERN (Switzerland),
BNL (USA), ANL (USA), GSI (Germany), and other laboratories abroad. The
Institute is also participating in various research activities related to India-based

Neutrino Observatory.

The Institute offers Ph.D. programme to the scholars who successfully
complete the one year pre-doctoral course at the Institute. The selection for the
pre-doctoral programme is through the Joint Entrance Screening Test (JEST).
Candidates qualifying the CSIR-UGC NET examination and those having high
GATE scores are also eligible for an entry to the pre-doctoral program.

The Institute campus has housing facilities for the employees and hostels
for the scholars and post-doctoral fellows. Compact efficiency apartments are
available for post-doctoral fellows and visitors. Both indoor and outdoor games
and sports facilities are also available in the campus. The Institute has a Mini-
Gym in the New Hostel. The Institute also has a guest house, auditorium, and

dispensary in the campus.

The Foundation Day of the Institute is celebrated on 4™ of September every

year.
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I am delighted to present the Annual Report of Institute of
Physics (IOP), Bhubaneswar for the year 2018-19. This Annual
Report reflects our various academic, research activities and
accomplishments. IOP is an autonomous Institute under the
umbrella of Department of Atomic Energy, Government of India.
It is one of the premier research institutions in India perusing
high quality and advanced research in the areas of both
experimental and theoretical Physics.

During this year, excellent research work on both
fundamental and applied physics have been carried out by the members of IOP and
this has resulted in about 132 publications in the International Peer-Reviewed Journals.
Different scientific activities such as regular seminars, colloquium and workshops
were organized. The purpose of these activities is to seek opportunities for collaboration
between IOP and other national and international institutes on emerging areas in
physics. This year 23 eminent scientists of national and international repute have been

invited to deliver colloquium and popular talks.

One of the motto of IOP is to disseminate the awareness of Science and elevate
scientific temper among young school and college programs via conducting the
National Science Day celebration, student visit program etc. In the coming days, let’s
all stand ready and work together with renewed intensity and vigor in taking the
Institute to greater height.

I take this opportunity to acknowledge and appreciate the support and
encouragement received from all the stake holders associated with IOP including the
Governing Council. I also express my gratitude to those who have contributed their
time and energy to give shape to this Annual Report in the current form.

Professor Sudhakar Panda

FASc, ENA, FNASc, J.C.Bose Fellow
Director, IOP, Bhubaneswar
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Contribution of Institute of Physics (IOP) towards DAE Vision

Being a premier research institution under DAE, IOP has been contributing immensely to
the DAE’s involvement in basic and applied research in the frontier areas of Physics. The institute
has many internationally acclaimed leading groups involved in vibrant research in the fields of
theoretical high energy physics and string theory, theoretical nuclear physics, ultra-relativistic
heavy-ion collisions and cosmology, quantum information, experimental high energy physics
and theoretical and experimental condensed matter physics. Further, it is actively involved in
the International Collaborations with CERN (Switzerland), BNL (USA), ANL (USA), GSI
(Germany), and other laboratories abroad. The Institute is also participating in various research
activities related to India-based Neutrino observatory. IOP has a large number of advanced
research facilities including a 3MV Pelletron particle accelerator which is used yearly by around
80 groups from various institutes, IITs and Universities. Many of these facilities are used for the
applied research in the currently hot and exotic material systems like, quantum materials, solar
materials, nano-systemsetc.

IOP has also a very active outreach programme, in line with the DAE vision, introducing
atomic energy for the betterment of society. As part of this program lots of activities are being
undertaken covering school and college students. The institute is also involved the popularization
of AKRUTI introduced by DAE to disseminate the BARC technologies in the field of technology,
agriculture and industry.

Brief Summary of IOP Annual Report 2018-19

Institute of physics (IOP) is a major center for research in basic and applied physics. The
research is carried out in the following broad areas of physics, namely, theoretical high energy
physics, theoretical condensed matter physics, theoretical nuclear physics, experimental
condensed matter physics, experimental high energy physics, and quantum information.

AtIOP the broad areas of research in theoretical high energy physics are string theory, high
energy physics phenomenology, and cosmology. String theory research focuses mainly on
properties of black holes, holographic correspondence in AdS and asymptotically flat space,
applications of AdS-CFT duality to strongly coupled gauge theories and interface between
quantum information theory and string theory. The activities of the high energy physics
phenomenology have a special emphasis on collider physics, neutrino physics, dark matter,
astroparticle physics and physics beyond the standard model. A significant part of the research
is aimed towards exploring the physics potential of various ongoing and upcoming experiments
in particle physics like LHC, the proposed 100 TeV collider, CLIC, ILC, India-based Neutrino
Observatory (INO), DUNE and Hyper-Kamiokande. A recent study has been performed,
analyzing data from the IceCube Neutrino Observatory at the South Pole, looking for changes in
neutrino oscillation behavior caused by long-range interactions from large collections of electrons
(selected as PRL Editors’ Suggestion). The group is also active in the field of quark-gluon plasma,
cosmology and astroparticle physics. In this area the main focus is simulation of the quark-
gluon phase transition and magnetohydrodynamics to understand the flow of the plasma. The

Institute of Physics
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group members are also studying the emerging issues in astroparticle physics like dark matter,

dark energy, baryogenesis and properties and detection of gravitational waves.

The condensed matter theory group at IOP is actively involved in pursuing research with
the main focus in understanding the organization of bacterial chromosome, active matter,
fluctuation theorem, topological aspects of quantum condensed matter systems, quantum
transport in Dirac/Weyl materials, quantum magnetism, strongly correlated systems etc. During
last year, with the help of theoretical modeling and experimental collaboration, the group members
have investigated a macro-molecular crowding mediated mechanism of the formation of bacterial
nucleoid, its helicoid morphology, central positioning and precise segregation in growing E.coli
cells, new transport signature of Majorana fermions via the spin-selective coupling to the
ferromagnetic boundary, magnetic exchange properties of anisotropic Dirac materials, transport
properties of driven semi-Dirac materials, unusual spin wave spectrum for helical
spin configuration for the a-MnO, materials, an absence of order by disorder attributed to
newly found macroscopic conserved quantity and abelian anion excitations in H,SQ materials
etc.

The experimental high energy physics groups at IOP are participating in the collider-based
experiments at various international laboratories, such as CMS and ALICE experiments at CERN-
LHC, STAR experiment at RHIC, BNL (USA), and the proposed CBM experiment at FAIR, GSI
(Germany). The groups contribute to the studies of the properties of the observed Higgs boson
and searches for beyond the Standard Model particles in proton-proton collision events at LHC
as well as the studies of Quark-Gluon plasma, a state of matter in the early universe, which are
recreated in heavy ion collisions. A major contribution has been made to the recent observation
of the Higgs boson production in association with a pair of top quarks by the CMS experiment at
LHC, which is the heaviest fermion known till date (published in PRL). Furthermore, the groups
contribute to the R&D of the state-of-the-art detectors for future experiments.

In experimental condensed matter physics, major activities included studies on accelerator-
based materials science, surface and interface physics, advanced functional materials, and
nanosystems. The Ion Beam Laboratory houses the NEC 3 MV tandem Pelletron Accelerator,
which is one of the major facilities used by researchers from all over the country. The accelerator
provides ion beams of energies typically 1-15 MeV starting from protons and alphas to heavy
ions. Commonly used ion beams are that of H, He, C, N, Si, Mn, Ag and Au. After the recent
upgradation of low energy 3MYV accelerator of IOP, there is a significant increase in the number
of users (both internal and external). During this period the accelerator facility has catered several
users from University College of Engineering, Vishakhapatnam, OUAT-Bhubaneswar,
Indraprastha University-New Delhi, SOA University-Bhubaneswar, BARC-Mumbai, UGC-DAE
Kolkata Centre, NISER, Bhubaneswar. Other important activities include studies on solar energy
photovoltaics, self-organized pattern formation on semiconductor surfaces and their nanoscale
functionalization by growing metallic nanostructures and magnetic thin films on patterned
substrates to study anisotropic plasmonic and magnetic properties, and tunable metal oxide-
based resistive switching devices for neuromorphic applications using energetic ion beams.

Institute of Physics
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1.1 PRE-DOCTORAL PROGRAM

One of the most important objectives of the
Institute is to train and guide young scholars to
do research in physics. Since 1975, IoP has a
regular Pre-doctoral (Post M.Sc.) course,which is
a very important academic program because it is
designed to train the M.Sc. students for carrying
out research activities. Thisprogramme is aimed
at imparting a broad based training in advanced
physics and research methodology to students.
The course work is planned with the view that it
should help the students not only in doctoral
research, but also enable him/her to become a
good physics teacher.The Institute participates in
conducting the Joint Entrance Screening Test
(JEST) to select students who are interested in
pursuing Ph.D. in physics. The final selection of
a student is based on the result of written test
and an interview conducted at the institute. This
year the Pre-doctoral course began in August,
2018 and ended in July, 2019. On completion of
the Pre-doctoral program, students are eligible
to join research under the supervision of faculty
members of the Institute, leading to the Ph.D.
degree awarded by HomiBhabha National
Institute (HBNI).

To recognize the talent, the Institute has
instituted Lalit Kumar Panda Memorial
Endowment Fellowship (L. K. Panda Memorial
Fellowship) for the most outstanding pre-doctoral

student. The fellowship consists of an award of
Rs.5,000/- and a citation.

A total of 339 students were called for
written test and interview for admission to the
predoctoral course in July, 2018. This includes
JEST qualifiers, UGC-CSIR qualifiers and valid
GATE score holders. Following students
successfully completed the doctoral course work
in July, 2019:

. Abhishek Roy

Ms. Aisha Khatun

Mr. Ankit Kumar

Mr. Arnob Kumar Ghosh

. Arpan Sinha

Mr. Chitrak Karan

Mr. Harish Chandra Das
Mr. Mousam Charan Sahu

Mr.PragyanprasuSwain

z

© 0 N U N
<

10. Mr.Pritam Chatterjee

11. Mr.Ritam Kundu

12.  Mr.Sachin Chauhan

13. Mr. Sameer Kumar Mallik

—_
o

Ms. Sandhyarani Sahoo
Mr. Siddharth Prasad Maharathy
16. Mr. Sudipta Das

—_
1

Mr. Chitrak Karan was adjudged as the most
outstanding scholar and was awarded the L. K.
Panda Memorial Fellowshipfor the year 2018-19.

Details of the courses offered and course instructors are given below.

Semester — 1

Advanced Quantum Mechanics
Advanced Statistical Mechanics
Quantum Field Theory — I

Many Body Physics

Advanced Experimental Techniques
Experimental Physics

Dr. S. Banerjee

Prof. S.M Bhattacharjee
Dr. Debottam Das

Dr. Arijit Saha

Dr. Debakanta Samal
Dr. Dinesh Topwal

Institute of Physics
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Semester — 11

pmin,

Academic Programmes

Numerical Methods Mathematical Methods
and Research Methodology
Advanced Condensed Matter Physics

Active Matter Physics

Quantum Field Theory —II

High Energy Physics
Critical Phenomena

Dr. Arun K. Nayak

Dr. Saptarshi Mandal

Dr. Debasish Chaudhuri

Dr. Manimala Mitra

Dr. Sanjib Kumar Agarwalla
Prof. S. Mukherji

As a part of the course work, students also worked on projects in the last Semester under
supervision of faculty members of the institute. Titles of the projects undertaken by student during
2018-2019 are given below along with the name of the supervisor.

Name of Supervisor

Name of Student

Title of Project

Dr. Manimala Mitra

Mr. Abhishek Roy

The real gauge Singlet extension of
Standard Model: A possible candidate of
cold dark matter

Dr. Arijit Saha

Ms. Aisha Khatun

Majorana Zero Modes (Topological
Superconductivity) in helicalShiba
Chains

Prof. Suresh Patra

Mr. Ankit Kumar

Relativistic Mean Field Theory

Dr. Arijit Saha

Mr. Arnob Kumar
Ghosh

Higher Order Topological Insulator

Dr. Debasish Chaudhuri

Mr. Arpan Sinha

"Study of Active Brownian Particles"

Dr. Debasish Chaudhuri

Mr. Chitrak Karan

Statistical Analysis of Active Loop
Extrusion Process"

Dr. Aruna Nayak

Mr. Harish Chandra

"Understanding of Quark and Gluon Jet

Das

Structure”

Dr. Satyaprakash Sahoo

MousamCharan Sahu

Raman Spectroscopy of Graphene and
characterization of Graphene field effect
transistor"

Dr. Sanjib Kumar Agarwalla

Mr.Pragyanprasu
Swain

"Exploration of neutrino properties with
an emphasis on measurement of CP
violation in oscillation experiments"

Dr. Arijit Saha

Mr.Pritam Chatterjee

"Weyl Superconductor"

Dr. Saptarshi Mandal Mr.Ritam Kundu "Calculation of Reduced Density Matrix
from Correlation Functions in Condensed
Matter System"

Dr. Shamik Banerjee Mr.Sachin Chauhan "Elements of Conformal Field Theory"

Dr. Satyaprakash Sahoo Mr. Sameer Kumar | "Raman Study of defect induced

Mallik vibrational modes in few layer MoS2"
Dr. Satyaprakash Sahoo Ms. Sandhyarani | Thermal conductivity of isolated silicon
Sahoo nanowire by Raman spectroscopy”

Dr. Manimala Mitra

Mr. Siddharth Prasad
Maharathy

-Saw i utri
"See-Saw mechanism and Neutrino Mass
Generation"

Dr. Sanjib Kumar Agarwalla.

Mr. Sudipta Das

Importance of matter effect in three
flavor neutrino oscillation.

Institute of Physics
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1.2 DOCTORAL PROGRAM

Presently Institute has thirty sevendoctoral
scholars working in different areas under the
supervision of its faculty members. All the
scholars are registered with HomiBhabha
National Institute (HBNI), a deemed-to-be
University within DAE. Progress of each doctoral
scholar is reviewed annually by a review
committee. This year reviews were held in the

months of July-August.
1.3 THESES (Submitted / *Defended)

The following scholars have been awarded
Ph.D. degree by HomiBhabha National Institute
on the basis of thesis submitted / *defended.

1. Mr. Priyo Shankar Pal
Advisor : Prof. Arun M Jayannavar

Thesis Title : “Studies on Work Extraction from

Small Scale Systems and Fluctuation Theorems”
2. Mr. Ranveer Singh
Advisor : Prof. T. Som

Thesis Title : “Growth and Characterization of

CdTe-based Multijunction Hole-blocking Solar Cell”
3. Mr. Sumit Nandi
Advisor : Prof. Pankaj Agrawal

Thesis Title: “Quantum Information

Processing Protocols and Entanglement”
4.  Mr. Soumyabrata Chakraborty

Advisor : Prof. Sudipta Mukherji

Thesis Title : “Field Theory on Cosmological
Spacetime: Some Results from Ads/CFT”

5. Mr. Subhadip Ghosh

Advisor : Dr. Goutam Tripathy, Co-guide-
Dr. Debasish Chaudhuri.

Thesis Title: “Active Maintenance of Structure

and Transport: Impact of Molecular.”
6. Mr. Arpan Das
Advisor : Prof. Ajit M. Srivastava

Thesis Title: “Consequences of phase transition

dynamics in neutron stars”.
7. Ms. Sudipta Mahana
Advisor : Dr. Dinesh Topwal

Thesis Title : “Magnetic and Ferroelectric
Properties of Some Advanced Functional Oxides and

Related Phenomena.”
8.  Shri Sabyasachi Chaterjee
Advisor : Dr. Sanjib K. Agarwalla

Thesis Title : “Exploring Light Sterile
Neutrinos and Long-Range Forces in Long-Baseline

Experiments.”
9. Puspendu Guha
Advisor : Prof. P. V. Satyam

Thesis Title : “Silver Nanostructures on Oxide
Surfaces: Growth, Characterizations and

Applications.”
10. Mr. Bharat Kumar
Advisor: Prof. Suresh Kumar Patra

Thesis Title:"Implications of nuclear
interaction for nuclear structure and astrophysics

within the relativistic mean-field model.”

Institute of Physics 5
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11. Mr. Chandan Datta
Advisor : Prof. Pankaj Agarwal

Thesis Title: and

Characterization of Entanglement and Coherence”

"Quantification

12. Mr. Shreyansh Dave
Advisor : Prof.Ajit M. Srivastava

Thesis Title: “Superfluid Transition,
Topological Vortices, and Magneto-hydrodynamic

Simulations for Relativistic Heavy-ion collisions”

1.4 Summer Student’s Visiting Program
(SSVP):

The motivation of the SSVP program is to
expose young students to frontline research areas,
especially in the areas of research work pursuing
at the Institute. This year the SSVP was held from
22"May to 15™July, 2019. Nine students
participated in the program. Accommodation in
campus was provided to all the visiting students.
Under this program, each student worked under
the guidance of a faculty member of the Institute.
At the end of the program, students presented
their work in a seminar on the assigned topics.

Name of the Student Topic of the Seminar Advisor

Aparna Rathi Gas Sensing Properties of Tungsten | Prof.T.Som
oxide wunder different environmental
conditions

Bhagyarathi Sahoo Characteristics of gas  electron | Prof.P.K Sahu
multiplier detector

Harsh Raghuwanshi Ion Implantation in Zinc oxide Thin | Dr.Satyaprakash Sahoo
Films and its electrical Properties

Kamalakanta Juadi Characteristics of Proportional counter | Prof. P.K Sahu

Mansi Mandal Study of optical and electrical properties | Prof.T.Som
of Tungsten oxide

Md. Ful Hossain Sk. Importance of the 1-3 Mixing Angle in | Dr.Sanjib K Agarwalla
three flavor oscillation paradigm

Monalisa Sahoo Proton-Proton collision at LHC Dr.Arun K Nayak

P. Rakesh Kumar Dora Basics of Interacting electron system Dr.Saptarshi Mandal

Sumit Ghosh Neutrino oscillation in two flavor and Dr.Manimala Mitra
three flavor framework

Institute of Physics
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2.1. Theoretical High Energy Physics

At IOP, the main areas of high energy physics research are string theory, quantum gravity,
black holes, collider and neutrino phenomenology, quark-gluon plasma, astroparticle physics, and

cosmology. Individual member’s work is in following three categories.
String Theory

String theory — as a broad discipline — has made remarkable progress during last three decades.
It has generated ideas that have contributed to several other fields of physics as well as of mathematics.
The string theory group has interest in classical and quantum properties of black holes, cosmology,
AdS/CFT correspondence, application of gauge-gravity duality to strongly coupled gauge theories,

symmetries of string theory, interface of information theory and AdS/CFT etc.
High Energy Physics Phenomenology

The High Energy Physics Phenomenology plays an important role at the energy, intensity, and
cosmic frontiers to unravel the deep long-standing mysteries of the Universe. The group research
activities have a special emphasis on collider physics, neutrino physics, dark matter, astroparticle
physics, and beyond-the-standard-model (BSM) scenarios. Members are exploring the Higgs and
top-quark physics, and physics beyond the Standard Model at the ongoing experiments at the LHC,
and the proposed experiments at 100 TeV collider, CLIC, ILC, and ep collider LHeC. The work at

these colliders involve event-generator based analyses, machine learning, and radiative corrections.

In the neutrino physics, interest is in neutrino oscillation, the detection of the BSM models of
neutrino mass generation at ongoing and proposed experiments, and the connection with astroparticle
physics. The India-based Neutrino Observatory (INO) is a flagship mega-science project of India to
study the fundamental properties of Neutrinos. Members are involved in physics and detector
simulation studies related to the Iron Calorimeter detector at INO, and the proposed neutrino
experiments named DUNE (in US), and Hyper-Kamiokande (in Japan). The direct and indirect searches
of dark matter is also an active field of research these days and the members of the HEP group are

quite active in this area of research.
Quark Gluon Plasma, Cosmology and Astroparticle Physics

Quark Gluon Plasma is quite an active field with experiments being carried out at LHC and
RHIC. Group members are performing extensive simulations related to quark-hadron phase
transitions, and magneto hydrodynamics to understand the flow dynamics. The group members
have also been carrying out tabletop liquid crystal experiments which can provide test beds for theories
of cosmic defects. They are also spending time to explore the emerging issues in astroparticle physics

like dark matter, dark energy, baryogenesis, gravitational waves etc.

(S. Panda, A. M. Srivastava, P. Agrawal, S. Mukherji, S. K. Agarwalla, S. Banerjee, D. Das, M. Mitra, K.
Ghosh)

Institute of Physics 9
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1. Resistive Magneto hydrodynamics
Simulations in relativistic heavy- ion

collisions

We are setting up code for resistive magneto
hydrodynamics simulations in for heavy-ion
collisions. This will allow us to extend our earlier
investigations to realistic estimates of trapping
of magnetic field in the plasma during initial

stages.

(M. Biswal, S.S. Dave, P.S. Saumia and A. M.
Srivastava)

2. Magneto hydrodynamics Simulation of

deformed nucleus collision and

quadrupole magnetic field at fermi scale

We are studying special crossed
configurations of uranium-uranium collisions in
heavy-ion collisions to study the nature of
resulting magnetic field. We find that it leads to
quadrupolar field at the scale of fermi. We are
investigating its beam-focusing effects in terms
of non-trivial rapidity dependence of radial flow,
specifically in violation of Bjorken boost

invariance.

(M. Biswal, S.S. Dave, P.S. Saumia and A. M.
Srivasta)

3. Continuing project: Adiabaticity violation
and Quarkonia Disintegration due to
spatialand temporal fluctuationsinin

Relativistic Heavy Ion Collisions

We study adiabaticity violation of J/y
evolution due to spatial and temporal variations
of energy density in relativistic heavy-ion
collisions by calculating the survival probability
of J]/y and Y using time dependent perturbation
theory.

(P. Bagchi, N. Dutta, and A. M. Srivastava)

10 Institute of Physics

4. Analogue gravity in heavy-ion collisions,
black hole and Hawking radiation in

relativistic heavy-ion collisions

Unruh had proposed analogue gravity
models wherein a fluid flow can represent a black
hole horizon at the point where flow becomes
supersonic. This leads to the prediction of
Hawking radiation effects in hydrodynamical
models of quantum fluids. We apply these ideas
to rapidly expanding QGP in relativistic heavy-
ion collisions and investigate the effects of
resulting Hawking radiation of particle
momentum distributions. We carry out UrQMD
simulations to determine suitable collision energy
for which a stationary event horizon can be
achieved in heavy-ion collisions. We are also
studying the case of dynamical horizon and

resulting Hawking radiation.

(A. Das, S.S. Dave, O. Ganguli, and A. M.
Srivastava)

5. Cosmology and astrophysics Pulsars as

Weber gravitational wave detectors

We show that pulsars can act as
gravitational wave detectors. The basic physics
of our model is based on the fact that a
gravitational wave passing through a pulsar will
lead to a variation in the moment of inertia of the
pulsar affecting its rotation. This will affect the
extremely accurately measured spin rate of the
pulsar as well as its pulse profile (due to induced
wobbling depending on the source direction). The
effect will be most pronounced at resonance and
should be detectable by accurate observations of
the pulsar signal. The pulsar, in this sense, acts
as a remotely stationed Weber detector of
gravitational waves whose signal can be

monitored on earth.
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(Arpan Das, Shreyansh S. Dave, Oindrila
Ganguly, Ajit M. Srivastava)

6. Re-visiting Gravitational wave events via

pulsars

By now many gravitational wave (GW)
signals have been detected by LIGO and Virgo,
with the waves reaching earth directly from their
respective sources. These waves will also travel
to different pulsars and will cause (tiny) transient
deformations in the pulsar shape. Some of us have
recently shown that the resultant transient change
in the pulsar moment of inertia may leave an
observable imprint on the pulsar signals as
detected on earth, especially at resonance. The
pulsars may thus act as remotely stationed Weber
gravitational wave detectors. An important
implication of this result is that it allows us to
revisit the already detected GW events via
pulsars. This allows the possibility of further
information about the gravitational source, along
with the information of pulsar interior, and can
also help in better triangulation of the source
location. Importantly, pulsars may allow us to
detect those events whose direct signal reached
earth in past, hence was missed. In this work we
consider two specific GW events GW170817 and
GW170814 and list specific pulsars whose signals
will carry the imprints of these events in future,
to be specific we constrain it within 100 years.
Interestingly one specific pulsar J0437-4715 is
expected to carry the imprints of the event
GW170814 on 1st May 2035 (with timing error of
about 2 months). Other GW events need to be
analyzed to see if some pulsar can relay the
perturbed signal reaching earth at an even earlier
date.

(Minati Biswal, Shreyansh S. Dave, and Ajit M.

Srivastava)

7. Gravitational wave generation in multi-

step electroweak phase transitions

We study complex patterns of bubble
collisions in multi-step first order electroweak
phase transitions in extensions of standard model
and study its signatures in resulting gravitational
waves which can be detected by LISA.

(Peisi Huang and Ajit M. Srivastava)

8. Shape of the Higgs Potential at Future
Colliders

Although Higgs boson has been discovered,
but its self-couplings are poorly con- strained.
This leaves the nature of Higgs potential largely
undetermined. If the Higgs boson is a pseudo
Goldstone boson or a pseudo dilaton, its Higgs
potential could be quite different from the
type We

systematically organize typical new physics

Landau-Ginzburg potential.
scenarios according to structure of Higgs self-
couplings, and utilize the processes pp —HH and
pp = HHH to determine the Higgs trilinear and
quartic couplings. Although it is hard to measure
the Higgs trilinear coupling at HL-LHC with high
precision, we could determine its value precisely
at 27 TeV HE-LHC and thus have ability to
discriminate different Higgs scenarios. To fully
determine shape of the Higgs potential, it is
necessary to probe the quartic Higgs coupling
through the pp — HHH process at 100 TeV
collider. For each scenario, we give the possible
bounds on the quartic Higgs coupling based on
the precision of the measurement of the cross

section.

(P. Agrawal with Debashis Saha, Ling- Xiao Xu,
Jiang-Hao Yu, C.-P. Yuan)
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9. Cosmology and AdS/CFT:

Choosing appropriate matter stress tensor,
AdS dual of a four-dimensional radiation
dominated universe can be constructed. This set
up then allows us to explore properties of a
strongly coupled field theory on radiation
dominated universe. With S. Mishra, Y.
Srivastava, we are computing various two-point
correlators in this time dependent background

using the bulk-boundary correspondence.
(S. Mukher;ji)

10. Neutrino Probes of

Interactions

Long-Range

Astrophysical searches for new long-range
interactions complement collider searches for
new short-range interactions. Conveniently,
neutrino flavor oscillations are keenly sensitive
to the existence of long-ranged flavored
interactions between neutrinos and electrons,
motivated by lepton-number symmetries of the
Standard Model. For the first time, we probe them
using TeV-PeV astrophysical neutrinos and
accounting for all large electron repositories in
the local and distant Universe. The high energies
and colossal number of electrons grant us
unprecedented sensitivity to the new interaction,
even if it is extraordinarily feeble. Based on Ice
Cube results for the flavor composition of
astrophysical neutrinos, we set the ultimate
bounds on long-range neutrino flavored
interactions. Recently, this paper has been
published in Phys. Rev. Lett. 122 (2019) no.6,
061103 [reference 1 in the publication list]. It has
been also selected as PRL Editors” Suggestion and
has been featured in APS Physics.

(M. Bustamante, S. K. Agarwalla)

12 Institute of Physics

11. Active-sterile neutrino oscillations at INO-

ICAL over a wide mass-squared range

We perform a detailed analysis for the
prospects of detecting active-sterile oscillations
involving a light sterile neutrino, over a large
Am?, range of ~10° eV? to 10> eV? using 10 years
of atmospheric neutrino data expected from the
proposed 50 kt magnetized ICAL detector at the
INO. This detector can observe the atmospheric
v, and g, separately over a wide range of energies
and baselines, making it sensitive to the
magnitude and sign of Am? over a large range.
If there is no light sterile neutrino, ICAL can place
competitive upper limit on [U ,|?<0.02 at 90%
C.L. for Am? | in the range (0.5-5) x 10 eV>. For
the same |Am? | range, ICAL would be able to
determine its sign, exploiting the Earth’s matter
effect in W and u* events separately if there is
indeed a light sterile neutrino in Nature. This
would help identify the neutrino mass ordering

in the four-neutrino mixing scenario.

(T. Thakore, M.M. Devi, S. K. Agarwalla, A.
Dighe)

12. Signatures of a Light Sterile Neutrino in
Tokai to Hyper-Kamiokande Experiment

We investigate the performance of upcoming
Tokai to Hyper-Kamiokande longbaseline
neutrino oscillation experiment in the presence
of a light eV scale sterile neutrino. We study in
detail its influence in resolving fundamental
issues like mass hierarchy, CP-violation (CPV)
induced by the standard CP-phase §,, and new
CP-phase 6,, and the octant ambiguity of 6,,. We
show for the first time in detail that due to the
impressive energy reconstruction capabilities of

T2HK, the available spectral information plays
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an important role to enhance the mass hierarchy
discovery reaches of this experiment in 3v
framework and also to keep it almost intact even
in 4v scheme. This feature is also of the utmost
importance in establishing the CPV due to d,,. As
far as the sensitivity to CPV due to 3, is
concerned, it does not change much going from
3vto 4vcase. We also examine the reconstruction
capability of the two phases 6, and §,, and find
that the typical 16 uncertainty on 6 , (3,, ) in T2HK
is ~15°(30%). While determining the octant of 6,
we face a complete loss of sensitivity for

unfavorable combinations of unknown §,,and 6, ,.
(S. K. Agarwalla, S.S. Chatterjee, A. Palazzo)

13. Flat space holography and it’s relation to

S-matrix.

My current research interest is in soft
theorems, asymptotic symmetries in flat space
and S matrix theory. Some years ago, Strominger
has proved that soft theorems in quantum field
theory are equivalent to Ward identities for
infinite dimensional asymptotic symmetries in
flat space which can act on the S-matrix elements.
For example, Weinberg’s soft graviton theorem
is equivalent to the Ward identity for BMS
symmetries. Now the statement that the S-matrix
elements transform under infinite dimensional
global symmetries is potentially very powerful.
In recent works we have used this to address the
question whether any theory whose S-matrix
elements satisfy the Ward identity for BMS
symmetries must have a massless spin-2 particle
or graviton. It turns out that the answer is yes if
we make certain reasonable assumptions about
the nature of the asymptotic symmetries. Quite

surprisingly the methods of conformal field

theory play a central role in this proof. The main

motivation behind these works is to understand
the concept of flat space holography better. There
are many formulations of flat space holography
but the recent understanding of asymptotic
symmetries and its relation to S-matrix seems to

be very deep.
(S. Banerjee)

14. Dominant production of heavier Higgs
bosons through vector boson fusion in
NMSSM:

We study the features of the additional
Higgs bosons in the Next-to-Minimal Super
symmetric Standard Model where the lightest
beyond Standard Model Higgs boson does not
dominantly couple to up-type quarks. The new
state is dominantly singlet-like while it can also
accommodate a small down-type Higgs
component. The gluon-gluon fusion cannot be
adequate enough for such a Higgs production.
We show that the vector-boson fusion may
become the leading production mechanism to
probe this new scalar at the LHC. Using the
existing 13 TeV LHC data for an integrated
luminosity 36.1 f b, we show the LHC constraints
on the parameter space. Finally, we also study
the reach of the planned high luminosity LHC (£
=3 ab! at \s = 14 TeV) and the proposed high
energy upgrade of the LHC (£ =15 ab™ at \s = 27
TeV) to probe this singlet-like Higgsscalar.

(D. Das)

15. Phenomenology of Non-Holomorphic
SUSY breaking in MSSM

In this work, we would retain ourselves
within the MSSM field content augmented with
most general soft SUSY breaking terms without

going down or its High energy origin. In most of
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the studies MSSM usually includes only
holomorphic soft SUSY breaking terms.
However, in a most generic framework, it has
been shown that certain non-holomorphic (NH)
supersymmetry breaking terms may qualify as
soft terms in absence of any gauge singlet fields.
Such a consideration is not purely academic,
instead one may find a few benefits, like, one may
find that lightest CP even Higgs mass can be
achieved with lighter squarks with the help of
the specific A”, A’ . Similarly, the NH terms may
also be helpful to fulfill constraints from rare B-
decays (viz. Br (B— X +y), Br (B, —» u"wetc.) both
in pMSSM like scenario or in some high scale
model like CMSSM or mGMSB which has been
shown by us recently. Another interesting feature
is that a small NH trilinear coupling (namely A’ )
may be capable to attune the inflexible constraints
of (g - 2),. Concentrating on the leptonic sector
only, the playground associated with the NH soft
terms is not completely free, rather there can be
strong constraints appearing from different
charged lepton flavor violating decays (cLFV) via
their off-diagonal entries similar to holomorphic
trilinear couplings in pure MSSM. We will
consider the slepton mass squared matrix to be
diagonal, and the only source of cLFV are Af &
A’, For the sake of explicit understanding we will
scan either A, & A’ or A’ at a time to find the
allowance of the off-diagonal elements of A, or
A’ under present and future experimental
sensitivities of different cLFV observables. In
order to perform this analysis, a more important
checkpoint is dangerous charge and color
breaking global minima (CCB). It is known that
a large trilinear coupling, be it only a diagonal
one or a non-diagonal together with diagonal

ones leads to unphysical or metastable CCB

14 Institute of Physics

minimal. For lepton flavor it is only charge
breaking (CB). Similarly, NH soft SUSY breaking
terms in the Minimal Supersymmetric Standard
Model (MSSM) can lead to significant
enhancement of the Higgs decays to flavour
violating final states. We have been studying the
phenomenology of Non-holomorphic (NH) soft
SUSY breaking terms in the context of different

flavour violating processes in MSSM framework.

(Utpal Chattopadhyay, D. Das, Samadrita
Mukherijee)

16. Dirac Seesaw and Dark matter

We have been trying to propose a new
mechanism for neutrino mass generation
assuming neutrino as the Dirac particle. The
neutrinos may receive masses radiatively through
the presence of other gauge-singlet neutral states
in the loops. This simple model can explain the
observed dark matter density of the Universe.
Similarly, one may find significant enhancement
in the charged lepton flavor violating (cLFV)
process like p — ey or p — 3¢ etc. We have found
a co-relation between the cLFV branching ratios
and the dark matter relic density which may be

probed at the future experiments.

(D. Das, Bibhabasu De, Manimala Mitra,
Nirakar Sahoo)

17. LHC phenomenology of Gravitino LSP

The electro-weak sectors in the MSSM are
less constrained at the LHC compared to the
strongly interacting sectors. The situation can be
further improved if gravitino can be considered
as the lightest SUSY particle (LSP). The gravitino
was the first supersymmetric Dark Matter (DM)
candidate and is still one of the best motivated

candidates. In some of the supersymmetry
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breaking schemes, such a state may appear
naturally as the lightest supersymmetric particle.
The dark matter phenomenology of the gravitino
LSP has been well-studied in the past few years.
In this work, we have been studying the LHC
phenomenology of the gravitino LSP in the
general MSSM assuming that strongly interacting
particles are beyond the reach of the LHC.

(Manimala Chakroborty, Arghya Chowdhury,
D. Das, Bibhabasu De, Sujoy Poddar)

18. Dark matter through Torsion portal and its

phenomenology

In this work we consider different kinds of
extensions of the SM of gravitational origin. In
particular, we consider space-time torsion which
can couple to SM fermions. An advantage of this
kind of extension is that it follows from the
unification of matter fields with gravity, like what
happens in the framework of (super) string
theory. It is known that superstring theory
predicts the existence of torsion with a non-
minimal coupling to scalar fields and fermions.
As a result, the compactification of extra
dimensions can in general give rise to a theory
with a modified form of such non-minimal
couplings in the low-energy limit. On the
phenomenology side, torsion can act as the dark
matter portal to satisfy the observed dark matter

density.
(Tapobroto Bhanja, D. Das, Debaprasad Maity)

19. Flat jet signature of heavy neutrino in
collider and a right-handed neutrino from

leptoquark

During April 1st, 2018 and March 31st, 2019,
seven publications and preprints have been
made, This also includes, The CLIC Potential for

New Physics, arXiv:1812.02093, CERN Yellow
Rep.Monogr. Vol. 3 (2018). This discuss in detail
the physics potential of future e+e- collider, that

can operate at a higher c.m.energy.

In the recent works, arXiv: 1810.08970, we
have looked into detail the fat-jet signature of a
heavy neutrino at an e+e- collider. This is the first
study of these kinds, where, the authors have
looked into fat jet signature at a lepton collider.
In other works, such as, arXiv: 1903.0143, we have
looked into the Higgs triplet model in great detail.
We have explicitly analysed the signature of a
doubly charged Higgs in a future e- p collider. In
other publications, such as, Phys.Rev. D98 (2018)
no.9, 095004, we have looked into a different
production mechanism of a right-handed
neutrino from leptoquark. Another example of
an alternate left right symmetric model is
Phys.Rev. D98 (2018) no.11, 115038, arXiv:
1805.09844, where, the model requires the
presence of MeV to KeV scale right handed
neutrino. Most of the above works focused on
seesaw signatures of a right-handed neutrino or
Higgs triplet. The analysis has been carried out
with great details. Realistic estimates have been

made in predicting new signals.
(M. Mitra)

20. Universal Extra Dimension models with
gravity mediated decays after LHC Run II
data

In the ‘fat-brane’ realization of Universal
Extra Dimension (UED) models, the gravity
mediated decays of Kaluza-Klein (KK) excitations
of the Standard Model (SM) particles offer
interesting collider signals. Colored level-1 KK-

particles (quarks ql and/or gluons gl1) are pair-

Institute of Physics 15




Audited Statement of Accounts

Annual Report & .-ﬁx

Research

B, [Teti|

M [ Tew]

16 18 2 23 4 2.6 18 3
R [Tev]

Fig.-1. The exclusion region of ‘fat-brane” UED model
parameters R" and M from ATLAS multi-jet (green
(and blue for N = 6)) and di-photon (red) searches for
N =4and 6. AR=5is assumed throughout the analysis.

produced at the colliders due to conserved KK-
parity. These particles, then, cascade decay into
lighter level-1 KK-particle in association with one
or more SM particles until producing lightest KK
particle (LKP). The gravity mediation allows LKP
to decay into photon or Z-boson plus gravity
excitation, hence resulting in di-photon /Z Z/Zy
plus missing transverse energy signatures at
collider experiments. Alternatively, pair-
produced Level-1 KK quarks/gluons may
directly decay into the corresponding SM quark/
gluon and a gravity excitation resulting in di-jet
plus missing transverse energy signal. We
constrain the ‘fat-brane” UED model parameters,

namely the fundamental Planck mass and M, the

16  Institute of Physics

size of small extra dimensions R, in the light of
ATLAS searches.

(K. Ghosh, D. Karabacak and S. Nandji)

21. Same-sign multilepton signatures of an
SU(2), quintuplet at the LHC

We study in detail the collider signatures of
an SU(2)r fermionic quintuplet in the framework
of left-right symmetric model in the context of
the 13 TeV LHC. Apart from giving a viable dark
matter candidate (x%), this model provides unique
collider imprints in the form of same-sign
multileptons through the decays of multi-charged
components of the quintuplet. In this paper, we
mainly focus on the same-sign n-lepton
signatures (nSSL). We show that with an
integrated luminosity of 500", the mass of the
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Fig.-2. The required integrated luminosity for 95% CL
exclusion as a function of quintuplet mass. See JHEP
1901, 080 (2019) for details.
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neutral component, M, °< 480(800) GeV can be
excluded at 95% CL in the 2SSL (3SSL) channel

after imposing several selection criteria.
(K. Ghosh and collaborators)

22. Probingnonstandard neutrino interactions
at the LHC Run II

Searching for non-standard neutrino
interactions, as a means for discovering physics
beyond the Standard Model, has been one of the
key goals of dedicated neutrino experiments,
current and future. The dimension-6 neutrino-
quark interactions can be expressed in terms of

the chirality projection operators PX (X = L;R), as
Ly = —2v26r€% (Y, Peq) (Tay*PLvp) + H.C,

where a, 3 denote the neutrino flavours, q is
a quark field, and E:Z‘ are arbitrary constants,

presumably < O(102). We demonstrate here that

much of the parameter space accessible to such

dedicated neutrino experiments is already ruled
out by the RUN II data of the Large Hadron

Collider experiment.
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Fig.-3. NSI contributions (shown by color
gradient) to the ATLAS search regions for

Monojet + P signature in SR-IM9 as a function of
e and e?.

(D. Choudhury, K. Ghosh and S. Niyogi)
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2.2. Theoretical Nuclear Physics

From the inception of Institute of Physics, Bhubaneswar, Theoretical Nuclear Physics is one of
the major subjects of research in the institute. The group has a major contribution to the International
Nuclear Physics Community on Theoretical Nuclear Structure Physics. The knowledge on Nuclear
Structure is essential to understand various nuclear phenomena. The activities on Nuclear Structure
had been started from the early days since 1975. It is major area of research in Nuclear Physics today

at Institute of Physics, Bhubaneswar.

(S. K. Patra, P. K. Sahu)
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1. Application of Nilsson model for deformed

nucleus in relativistic heavy ion collisions:

Electron scattering methods, involving
nucleus which have little or no intrinsic
deformation suggest nucleon distribution to be
of Fermi type. This distribution is further
parameterized as Wood Saxon (WS) distribution,
where a uniform charge density with smoothed-
out surface have been implemented.
Incorporating shape modification in WS, earlier
attempts were made to explain observables in
deformed nuclear collisions, such as charged
particle multiplicity. In this work, we use an
alternate approach known as Nilsson model or
Modified Harmonic Oscillator (MHO), to explain
charged particle multiplicity in U+U collisions at
top RHIC energy. We have implemented the
formalism in HIJING model and we found that
the model describes the experimental data to an

extent.
(S. K. Tripathy, M. Younus, P. K. Sahu, Z. Naik)

2. Enhanced production of multi-strange

hadrons in proton-proton collisions

Strangeness enhancement is proposed as a
signature of QGP formation in nuclear collisions.
ALICE has published [1] that in pp collisions at 7
TeV, the pT integrated yields of strange and
multi-strange particles relative to ® increase
significantly with multiplicity. The observed
enhancement increases with the strangeness
content but not with the mass and baryon number
of the hadron. To understand this behavior, we
have studied on the simulation models. We have
found, the models EPOS and AMPT are not able

to explain simultaneously the effect of

strangeness canonical suppression in low

multiplicity events and QGP like effect in high
multiplicity pp collisions at LHC energies.

(S. Sahoo, P. K. Sahu and M. K. Parida)

3. Temperature dependence of symmetry
energy and its volume and surface

contributions in some rare earth nuclei:

Symmetry energy, characterizing the
neutron-proton imbalance in nuclei, is one of the
key issues of contemporary nuclear physics. It
plays a pivotal role in wider domain of nuclear
phenomena extending from the study of structure
of nuclei, dynamics of asymmetric heavy ion
reactions to the neutron stars. Here, we have
analyzed the influence of temperature on the
nuclear symmetry energy (NSE) and its volume
and surface components in the isotopic series of
rare earth Nd, Sm, Gd and Dy nuclei with N =
82-126 using the temperature dependent
microscopic densities from relativistic mean Field
theory with NL3 and IOPB-I parameter sets.
These densities have been further used within
coherent density Fluctuation model, for the
calculations of NSE and its bulk and surface parts.
AtT=0MeV, thereis arise and fall trend in NSE
and its volume and surface components with
increasing mass number and an interestingly, a
peak is observed at N = 100, which is a
manifestation of deformed shell closure/magic
number in these rare earth nuclei. This result is
of important consequence as these N= 100 nuclei
can serve as waiting point in the nucleosynthesis
mechanism via r-process. This result is in
consonance with our earlier, demonstrating the
stability of nucleus, which had been
experimentally conformed by Patel et al. in 2014
reporting the existence of deformed shell closure

at N = 100 in ' Sm and '**Gd isotones.
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Next, we have explored the thermal
evolution of the NSE and its components. It is
observed that at higher temperatures T =1, 2
MeV, the value of NSE and its components
decreases in comparison to at T =0 MeV and
peak shifts down-wards. Further, at T = 3 MeV
the peak in the curve disappears and the studied
quantities show constant character. Quite
interestingly, the mass dependence of quadrupole
B, at different

temperatures also shows the trend of rise and fall

deformation parameter

with maxima near N = 100 and the curve shifts
downatT=1,2MeV compared toT=0MeV. At
higher temperature, T =3 MeV, all nuclei become
spherical in shape. On comparison, it is noted that
at T = 3MeV, due to spherical shape all nuclei in
considered isotopic chain have nearly same
symmetry energy. In other words, we found a
correlation between temperature evolutions of
deformation parameter 3, and symmetry energy
and its bulk and surface contributions. Also, the
effect of temperature on the root mean square
radii and neutron skin thickness in these neutron
rich nuclei has been studied. The increase in root
mean square radii and neutron skin thickness
with temperature may have considerable effect

on the neutron stars and astrophysical processes.

(Manpreet Kaur, Abdul Quddus, M. Bhuyan, B.
V. Carlosn, A. Shakeb and S.K. Patra)

4. Investigation of proton radioactivity in

neutron deficient nuclei:

The study of nucleon emissions from ground
state of spherical as well as deformed nuclei,
facilitates to explore the limits of nuclear existence
within nuclear landscape. Moreover, the
observation of new radioactive decay paths in

exotic nuclei act as a significant probe to extract

20  Institute of Physics

information about inter nuclear potential and
nuclear structure. Since the proton binding of an
element decreases with decreased neutron
number, it is expected that there exists p-drip line
beyond which nuclei become unstable against
proton emission. Therefore, analogous to o~
decay, the proton radioactivity becomes
energetically feasible. In this work, we have
studied the ground state properties of neutron
deficient nuclei in the region from I to Bi with Z
=53 -83 and N = 56 -102 within the relativistic
mean field formalism with NL3, DDME-1,
DDME-2 parameterizations, with deformed
consideration of nuclei. The negative value of
neutron skin thickness shows that radial
distribution of proton is extended compared to
that of neutron and small thickness of aggregated
protons in the outer part of nucleus is loosely
bound which is prone to p-emission. The quasi
bound states from which the p-emission is
probable are determined. Further, the proton
decay half-lives are calculated using WKB
approximation, by taking into account the
experimental Q-values. The total interaction
potential comprises of Coulomb, nuclear and
centrifugal potentials and the nuclear potential
is obtained by using double folding method with
realistic M3Y effective nucleon-nucleon
interaction and spherical equivalent densities
obtained from the deformed densities. The results
present that decay half-lives are highly sensitive
to orbital angular momentum of outgoing proton.
The calculated half-lives for different neutron
deficient nuclei are in agreement with

experimental data.

(Trupti Sahoo, Manpreet Kaur, R. N. Panda, and
S. K. Patra)
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5. Nuclear Reaction Studies

The fission decay mechanism of various
212213215217 at isotopes formed in tightly (**He) and
loosely bound (®®*He) projectile induced reactions
on *”Bi target, is studied within the framework
of dynamical cluster-decay model (DCM), over a
wide range of excitation energies spread across
the Coulomb barrier. By optimizing appropriate
neck-length parameter AR, the fission cross-
sections are calculated for *>**?'>At compound
nuclei (CN) at above barrier energies, where some
experimental data is available. The DCM
calculations are extended at below barrier region
for these nuclei, and for one more reaction ®He +
2¥Bi — ?"7 at, using the systematics of *>*'*2°At
isotopes. The magnitude of fission cross-sections
increase with the addition of neutrons in the He
projectile (or say in the at compound nucleus
since the target nucleus of each reaction is same).
To obtain better description of fission dynamics
involved for Neutron-deficient and neutron-rich
He-induced reactions, the fragmentation
potential and preformation probability PO of
decaying fragments are analyzed along with
corresponding barrier tunneling probability P.
The session fragment mass distributions are
explored for all at isotopes, and most probable

fission fragments are identified. It has been

observed that asymmetric fission forms the

predominant decay mode for all isotopes,
although a minor hump with very small
preformation factor appears around symmetric

fragments for lighter %

at nuclei. Finally, the
N/Z dependence of fission cross-sections and
most probable decaying fragments is explored in
view of fragmentation structure and related cross-

sectional yields.

(Amandeep Kaur, Gurjit Kaur, S. K. Patra and
Manoj K. Sharma)

6. Nuclear Equation of States and Neutron

Stars

Nuclear effective interactions are considered
as the vital tool to guide into the region of the
high degree of asymmetry and density. We take
varieties of parameter sets of RMF model to show
the parametric dependence of the neutron and
hyperon star. We add ¢omeson to 6—w—p model.
The effects of ¢po-meson on the equation of state
and consequently on the maximum mass of the
hyperon star is discussed. Due to the inclusion
of 0 -meson the threshold of the density of
different hyperon production shifts to higher
density region. The effects of the hyperon-meson
coupling constants on the maximum mass-radius

profiles of the hyperon stars are discussed.

(S. K. Biswal, S. K. Patra and Shan-Gui Zhou)
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2.3. Experimental High Energy Physics

The goal of High Energy Physics is to understand the basic constituents of matter and their
interactions. The theoretical framework developed by Glashow, Salam, and Weinberg to describe the
interactions between the known elementary particles is known as the Standard Model (SM) of particle
physics. The cornerstone of the Standard Model is the Higgs mechanism, which is believed to give
mass to all elementary particles. A Higgs boson, a particle corresponding to the Higgs field, was
recently discovered at the Large Hadron Collider (LHC) at CERN, Geneva, Switzerland. A collider is
a particle accelerator that accelerates two beams of particles in opposite directions to a very high
energy and collides them against each other at designated interaction points where sophisticated

particle detectors are placed to detect new particles produced in the collisions.

Also the goal of the High Energy heavy-ion research program is to explore the QCD phase diagram
in the region of high baryon densities using high energy nucleus-nucleus collisions (RHIC(STAR),
LHC(ALICE), FAIR(CBM)). This includes the study of the equation-of-state of nuclear matter at neutron

star core densities and the search for phase transitions and exotic forms of QCD matter.

At IOP, there are two experimental high energy physics groups participating in the collider-
based experiments at various international laboratories. One group participates in the Compact Muon
Solenoid (CMS) experiment at LHC, CERN. It is involved in the studies of SM particles and searches
for beyond the SM particles in proton-proton collision events collected by the CMS detector. The
other group is involved in the studies of Quark-Gluon plasma, production of new particles and a
state of matter in the early universe, which are recreated in heavy ion collisions. It participates in the
STAR experiment at RHIC, BNL, USA, ALICE experiment at LHC, CERN, and the proposed CBM
experiment at FAIR, GSI, Germany. Apart from the physics studies the groups also contribute to the

R&D of the state-of-the-art detectors for the present and future experiments.

(P. K. Sahu, A. K. Nayak)
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1. Heavy-ion collisions:

Proton nucleus collisions are important in
addressing cold nuclear matter, initial conditions,
energy loss and parton multiple scattering. Parton
distributions are affected by various phenomena
like nucleon overlap in nucleus, or EMC effect
and leading to depletion of partons at high x.

Parton rearrangement for the same reason give
rise to shadowing (depletion at x<.04) and anti-
shadowing (enhancement x~0.1). It is inevitable
to understand the effects to get a clear knowledge
on hot de-confined state of hadronic matter (QGP)

formed in relativistic heavy ion collisions.

1.1 Production of A (1520) resonance at ALICE

Energies:

The production of A(1520) baryonic
resonance has been measured in pp and p-Pb
collisions at 7 TeV and 5.02 TeV, respectively.
This mass of the resonance is reconstructed via
its hadronic decay channel (p,) with the ALICE
detector. The yield and <p > are calculated in pp
and p-Pb collisions. It has been found that A(1520)
follows the mass ordering in <p.> for both the
collision systems. The onset of radial flow from
p, differential ratios of A(1520) over n, K and p
has been studied. The yield ratio of this resonance
over its ground state particle, A(1115) shows
negligible effect of hadronic scattering medium
on its yield in p-Pb collisions. The p_ integrated
yield ratios over n and proton shows strangeness
could be a key factor of yield enhancement in

higher multiplicity events.

(For ALICE Collaboration: S. Sahoo, P. K. Sahu,
R.C. Baral and B. Mohanty)

1.2 Ks/ A/Anti-A/Xi/Anti-Xi in U+U 193 GeV :

We investigate strangeness production in

STAR experiment at RHIC in U+U 193 GeV
collisions. Weak decay particles like Ks/
Lambda/Xi have been reconstructed from their
hadronic decay channels. Reconstructed masses
are in consistent with PDG values. These particles
transverse momentum spectra have been
corrected with detector acceptance, efficiency and
branching ratio. Omega reconstruction is
ongoing. We are also comparing these results
with Au+Au 200 GeV results.

(For STAR collaboration: S. Tripathy and P. K.
Sahu)

2. High Energy Experimental Laboratory for
ALICE and CBM:

2.1 Characterizations of GEM detector
prototype:

A) Hardware: A quadruple GEM detector
prototype is built in IOP, HED lab and tested with
Ar/CO, gas mixture in 70:30 ratio. Initial
characterizations for the detector are performed
by measuring the count rate and anode current
with cosmic muons. The detector is taken to GSI,
Germany and tested with Fe® X-ray source and
an X-ray generator. The measurement is done
with a high gain preamplifier. The gain and
energy resolution are measured for different
voltage setting. The exponential nature of gas
gain with applied voltage is observed. At 1600 V
a typical gain is ~ 450 and the energy resolution
is found to be ~ 14% (c). The anode current is
also measured for different configurations with

both Fe> source and X-ray generator.

Since flow rate optimization is needed for
the further study, the GEM detector is tested with
different gas flow rates. For this measurement

Am?*! radioactive source is used. The count rate
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variations and current variations are observed at
different flow rates with different operating GEM
voltages. The flow rates are recorded with a mass

flow sensor built in house.

A single layer GEM detector is also
fabricated for the estimation of Ion Back Flow
fraction. The voltages are provided to each
electrode individually. For the measurement of
current from each channel with different settings,
a picoammeter is used. The variation of Ion back
flow fraction is observed with changing drift field,

induction field as well as different GEM voltages.
(S. Swain, P. K. Sahu, A. Tripathy and S. Sahu)

i) Construction of a single GEM detector

using indigenous anode plate

A prototype of single Gas Electron Multiplier
(GEM) detector is fabricated in our laboratory
using a single GEM foil of size 10x10 cm?, a
cathode plate and an anode plate (which is
designed in our laboratory). The anode plate used
is a single readout pad. The detector is operated
using Argon and CO, gas mixtures in proportion
of 70:30. High voltage connections are provided
individually to the drift plane, GEM foil and
induction plane. The anode plate used in this
work is a single readout pad. Preliminary testing
results show that this detector can withstand a
voltage up to 460 V across the GEM foil and the
anode plate without any spark. The tested results

are presented in this article.
(A. Tripathy, S. Swain, P.K Sahu and S. Sahu)
ii) Study of ion backflow fraction for GEM

based detector:

A systematic study is performed for the ion
backflow fraction with GEM based detectors. The
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ion current along with detector gain are measured
in various voltage configurations and with
different gas proportions. The observed ion
backflow fraction seems to be very sensitive
towards the drift field and the effective gain of
the detector. Further with decrease in the
quencher component present in the gas mixture
gain changes, which consequence a change of ion
fraction going towards the drift volume. The main
idea is to optimize the detector for the minimum
ion backflow current. For that a detailed scan over
drift and induction field is done with different
gas ratios. A minimum ion backflow fraction of
3.0% is obtained with drift field 0.1kV with
Ar:CO, gas in 80:20 ratio.

(S. Swain, P. K. Sahu and S. Sahu)

iii) Ion Beam based characterization of Triple
GEM Detector

Gas Electron Multipliers (GEM) detector
possess high rate capability and high resolution
as compared to the detector based on the wire
chamber or tracking drift chamber principle. This
is because, the GEM has been used in high-energy
experiments such as COMPASS, TOTEM, CMS
and ALICE experiment at CERN and PHENIX
experiment at BNL.

A Triple-GEM prototype of area 10 X 10 cm?
was fabricated and characterised using Fe®
source at Institute of Physics, Bhubaneswar. In
this report, we used the same GEM detector to
characterise by using the ion beam facility at
Institute of Physics. Proton beam generated from
a3MV Tandem Pelletron was used to emit X-rays
from different metal targets to study the
characteristics of GEM detector. X-rays yield of
the metal (Fe) is directly proportional to the
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proton beam current. Anode current (nA) and
gain as a function of GEM voltages at different
beam current have been studied and were found
exponentially increases with GEM voltage, which

was uniform.

(P. K. Sahu, S. Swain, A. Tripathy, S. Sahu and
B. Maillick)

B) Simulation: For Characterization of
detector, initiative is taken for doing numerical
analysis with Garfield++ simulation package. The
simulations include measurements of detector
Gain, Transparency, Efficiency, Ion backflow and
signal extraction etc. ANSYS scripts, based on
finite element method is used to model different
geometries and configurations of GEM prototype
and for the calculation of electric field inside the
detector volume. Here, we made a simulation
study on stacks of 4-GEM to characterize the
properties like gas gain, effective gain,
transparency, ion backflow, energy and position
resolution using Garfield++ and ANSYS field
solver. A systematic analysis is done on induced
signal shape for various detector field
configurations and a preferable zone of operation

for the detector is being discussed.

(S. Swain, S. Dani and P. K. Sahu, M. M.
Mondal)

3. Measurement of top quark Yukawa
coupling in final states with a tau lepton at
LHC

In Standard Model (SM), the Higgs boson
to fermion coupling is proportional to fermion
mass. Thus, the measurement of the Yukawa
coupling of the Higgs boson to top quark, y,, is of

high phenomenological interest due to

extraordinary large values of the top quark mass

compared to all other known fermions. Though,
the top quark Yukawa coupling is measured
indirectly from the Higgs boson production in
gluon fusion process, and agrees well with the
SM expectation, it can be affected by the
contribution of beyond SM (BSM) particles to the
loop diagram. Hence, the measurement of the
production rate of Higgs boson in association
with top quark pairs (tt(bar)H) provides the most

precise model independent measurement of y,.

We are involved in the searches for tt(bar)H
production in final states with tau leptons in pp
collision data recorded by the CMS experiment
at a centre-of-mass energy of 13 TeV. The
sensitivity of the analysis is enhanced by means
of two different multivariate analysis techniques:
by the matrix element method (MEM) and by the
boosted decision trees (BDT). Our group has
played a leading role in developing the BDT
discriminant for this analysis carried out using
2016 and 2017 data. The analysis with 2016 data,
in combination with all possible ttH search
channels had resulted in an observation of ttH
process at CMS with 5.2¢ significance, and is
published in PRL. Furthermore, we have added
a new final state with two hadronic tau leptons
and no additional light leptons for analysis with
full 13 TeV data collected during LHC run-2. The

analysis of full run-2 data is still ongoing.
(A Nayak and Collaborators)

4. Measurement of Higgs CP properties in its

decay to a pair of tau leptons

The Higgs boson in the SM is expected to
have a CP quantum number of +1 (CP even state).
However, various BSM models predict additional

Higgs bosons, including the ones that can be CP
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odd (CP=-1) or a mixture of the two (not a CP
eigen state). The decay of the Higgs boson to a
pair of tau leptons provide a model independent
method to probe the CP properties of the Higgs
boson. The angle between the decay planes of the
two tau leptons is not only able to discriminate
between the CP odd and CP even states but also
between CP eigen and CP mixture states.
However, at LHC, the reconstruction of the decay
plane of the tau lepton is not always possible due
to missing neutrinos. Therefore, an alternative
method, using the impact parameters of the
charged pions originating from tau lepton decays,
is being studied. The method retains significant
amount of the discriminating power, however, it
is significantly affected by the detector resolution.
Our group is making significant contributions to
this measurement. We have made generator level
studies and preliminary studies with detector
simulation. We are working towards a
publication with full 13 TeV data recorded by
CMS.

(A Nayak, Vinaya Krishna, Diwakar and

Collaborators)

5. Contributions to the development of
reconstruction and identification of 7

leptons in their decays to hadrons

The reconstruction and identification of t
lepton in their decays to hadrons and tau neutrino
is crucial for the studies of Higgs boson and many
other new physics searches at LHC. The CMS
group at IOP plays a leading role in the
development of reconstruction and identification
algorithms of the hadronic decays of 1 leptons
(t,). In particular, we played leading role in
development of multivariate (MVA) isolation for
Run-2 of LHC using boosted decision trees (BDT).
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The MV A-based isolation discriminants provide
a factor of two reductions in jet = 1, mis-
identification probability, while retaining same
1, efficiency as compared to the isolation sum
discriminants. The group played leading role in
the overall coordination of the offline tau
identification developments and is also played
major role in measuring the performance of the
identification algorithms in proton-proton
collision data recorded during 2016. The detailed
description of the algorithm developments and
performance results with 2016 data have been
published in JINST, where A Nayak was assigned
as contact author by the CMS collaboration.

Furthermore, we worked on re-optimizing
the isolation sum discriminants for the data
recorded during 2017, and provided two more
high efficiency-working points that may be
helpful to analyses, such as high p, SUSY
searches, requiring higher signal efficiency. Our
group also made major contribution to the
validation and performance measurements of the

tau lepton triggers during 2018 data taking.
(A Nayak, Vinaya Krishna and Collaborators)

6. Development of Jet and Missing
Transverse Energy Triggers for the CMS

experiment

The CMS group at IOP is involved in the
coordination of activities related to the
development of jets and missing transverse
energy trigger in the High Level Trigger (HLT)
of the CMS experiment. The reconstruction of
jets and missing tranverse energy at the HLT is
crucial for the design of many trigger paths that
are used to record data for Higgs, SUSY, and

many other new physics searches. Our group is
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playing a leading role in these activities since mid
2016. In addition to the coordination task the
group is also contributing to the various aspects
of the trigger development, such as studying the
response and resolution of the jets at HLT,

developing trigger menu, measuring the
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Fig.-1: The trigger efficiencies measured in data
recorded during 2018 as a function of the offline
reconstructed jet transverse momentum.

(A Nayak, Bhakti Chitroda, Diwakar and
Collaborators)

performance of the trigger in data, and so on. The
performances of the jet triggers in 2018 data are
shown in Fig. 1, which shows good efficiency for
the online reconstruction of these objects with

respect to the offline.

7. R&D for buliding a functional test setup
to test the silicon-strip tracker detector

modules.

India-CMS plans to contribute significantly
to the phase-II upgrade of the CMS detector for
HL-LHC. Towards this effort we are trying to
develop a silicon-strip tracker detector module
functional test set up which will be used to test
the modules during their assembly. The tests
need to be performed at room and operating
temperatures to establish the functioning of those
modules before they are shipped to CERN for
installation in the CMS detector.

(A. Nayak)
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2.4 Quantum Information

Quantum information science is one of the frontier areas of science and technology. It is also an
interdisciplinary area of research where scientists from physics, mathematics, and computer science
can contribute alike. Three major areas of interest are quantum correlations, quantum nonlocality,
and quantum communication protocols. In the area of quantum correlations, the goal has been better
understanding the correlations in bipartite mixed states and multipartite states. Issue has also been if
there are quantum correlations beyond entanglement. Characterization, quantification, and
manipulation of correlations in a quantum system can have far-reaching technological ramifications.
Quantum nonlocality leads to enduring mysteries of quantum mechanical formalism. There are also
systems like Popescu-Rohrlich box, which display more nonlocality than a quantum system. The
group is working on better understanding of this phenomenon beyond bipartite pure states, i.e. mixed
states and pure multipartite states. One of the triumphs of this field has been introduction of new
means of communications using entanglement as a resource. The group has been exploring many

such protocols, such as secret sharing, in multipartite settings.

(P. Agrawal)
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1. Mutual Conditional

Uncertainty and Strong Sub-Additivity

Uncertainty,

Using the variance-based uncertainty, we
introduce a new concept called as the mutual
uncertainty between two observables in a given
quantum state which enjoys similar features like
the mutual information for two random variables.
Further, we define the conditional uncertainty
and show that conditioning on more observable
reduces the uncertainty. Given three observables,
we prove a ‘strong sub-additivity’ theorem for
the conditional uncertainty under certain
condition. As an application, we show that for
pure product two-qubit states, the mutual
uncertainty is bounded by 2 — V2 = 0.586 and if it
is greater than this value then it indicates that the
state is entangled. For mixed two-qubit states, we
prove that the mutual uncertainty for product,
classical-classical, and classical-quantum state
also takes a universal value 0.586. We also show
how to detect quantum steering using the mutual
uncertainty between two observables. Our results
may open up a new direction of exploration in
quantum theory and quantum information using
the mutual uncertainty, conditional uncertainty
and the strong sub-additivity for multiple

observables.

(P. Agarwal, Sk Sazim, Satyabrata Adhikari,
Arun K. Pati)

2. Two-qubit mixed states and teleportation

fidelity: Purity, concurrence, and Beyond

To explore the properties of a two-qubit
mixed state, we consider quantum teleportation.
The fidelity of a teleported state depends on the

resource state purity and entanglement, as

characterized by concurrence. Concurrence and

purity are functions of state parameters.
However, it turns out that a state with larger
purity and concurrence, may have comparatively
smaller fidelity. By computing teleportation
fidelity, concurrence and purity for two-qubit X-
states, we show it explicitly. We further show that
fidelity changes monotonically with respect to
functions of parameters — other than concurrence
and purity. A state with smaller concurrence and
purity, but larger value of one of these functions
has larger fidelity. These functions, thus
characterize nonlocal classical and/or quantum
properties of the state that are not captured by
purity and concurrence alone. In particular,
concurrence is not enough to characterize the
entanglement properties of a two-qubit mixed

state.

(P. Agarwal, Sumit Nandi, Arpan Das, Chandan
Datta)

3. Minimal scenario facet Bell inequalities for

multi-qubit states

Facet inequalities play an important role in
detecting the nonlocality of a quantum state. The
number of such inequalities depends on the Bell
test scenario. With the increase in the number of
parties, dimensionality of the Hilbert space, or/
and the number of measurements, there are more
nontrivial facet inequalities. For a specific
scenario, involving two dichotomic measurement
settings for two parties and one dichotomic
measurement by other parties, the local polytope
has only one non-trivial facet, which is the lifted
version of Clauser-Horner Shimony-Holt (CHSH)
inequality? This measurement scenario for a
multipartite state may be considered as minimal
scenario involving multipartite correlations that

can detect nonlocality. We show that this
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inequality is violated by all generalized GHZ
states, which satisfies any full correlation Bell
inequality with two dichotomic measurement
settings per party. This inequality is also shown
to be violated by any genuinely entangled three

qubit pure state numerically.
(P. Agarwal, Arpan Das and Chandan Datta)

4. Resource state structure for cooperative

quantum key distribution

Quantum entanglement plays a pivotal role
in a number of communication protocols, like
secret sharing and quantum cryptography. We
consider a scenario where more than two parties
are involved in a protocol and they share a
multipartite entangled state. In particular, we
introduce the protocol of cooperative quantum
key distribution (CoQKD). In this protocol, two
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parties, Alice and Bob establish a key with the
co-operation of other parties. Other parties
control whether Alice and Bob can establish the
key, its security and the key rate. We discuss the
case of three parties in detail and find the
necessary suitable resource states. We discuss the
controlling power of the third party, Charlie. We
also examine the usefulness of this new resource
state for generating conference key and for
cooperative teleportation. In the case of
conference key, we find that recently introduced
Bell inequalities can be useful to establish the
security. We also generalize the scenario to more

than three parties.

(P. Agarwal, Arpan Das, Sumit Nandi, Sk

Sazim)
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2.5 Experimental Condensed Matter Physics

The Experimental Condensed Matter Physics Group at IOP has active research programs in
a wide range of areas including, accelerator based research activities, thin films, surface science,
highly correlated electron systems, two-dimensional materials, quantum materials. Members of the
group are also exploring advance functional materials for solar cell, memory and sensor applications.
Our main goal is to investigate and understand the structure and properties of solids. We use different
techniques such as ion implantation, pulsed laser deposition, molecular beam epitaxy and high
temperature solid state reaction to prepare high quality novel materials. Various properties of the
materials are investigated using sophisticated and advanced instruments that includes high resolution
X-ray diffraction, transmission electron microscope, field emission scanning electron microscope,
atomic force microscope, SQUID, physical properties measurement system, high resolution Raman

spectrometer, Angle-resolved photoemission spectroscopy etc.

(S. Varma, B. R. Sekhar, P. V. Satyam, T. Som, D. Topwal, S. Sahoo, D. Samal)
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1. Detecting Arsenic contamination in water

using organic molecules

We are utilizing thin films of organic
molecules for detecting Arsenic contamination in
Water. Arsenic contamination of Water is a
serious concern in many countries and its easy
detection is necessary for the control of
contamination. XPS, FTIR have been performed
to study the interaction and the specific site of

attachment of Arsenic on the molecules.

(S. Varma, P. A. Dowben at Univ. Nebraska,
Lincoln, USA)

2. Metal doped Sulphides for Solar Cells

applications

We are investigating metal doped thin films
of many Sulphide compounds and studying their
wavelength dependent abosorbance properties.
XPS, UPS and UV-Vis measurements have been
per-formed. The films also exhibit work function

modification.

(S. Varma, P.A. Dowben at Univ. Nebraska,
Lincoln, USA)

3. Ionirradiated TiO, films exhibit anatase to

Rutile Phase transition and

Resistive switching behavior Ion
implantation of TiO2 thin films was carried out
at IUAC, New Delhi. These films show creation
of nanostructures and anatase-rutile phase
transition. Presence of oxygen vacancies become
crucial for this transition. The irradiated films
exhibit bipolar resistive switching (RS) behavior

with application in

S. Varma, A. Manna, Shalik R. Joshi (Ulsan
National Institute of Science and Technology,
Korea), Aloke Kanjilal(Shiv Nadar Univ.), D.
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Kanjilal (IUAC, Delhi))

4. Developed metal doped ZnO sensor for

Amperometric Glucose sensing

measurements

We have developed Amperometric Glucose
sensor. For this coelectrodeposition of ZnO with
small concentration of metal was carried out in
the growth cell. No- Enzymes, like glucose
oxidase were used for the sensing measurements.
Glucose sensing is demon-strated by CV and time
dependendent measurements. The metal-ZnO
nanostructures show wavelength dependent
bandgap changes as well as enhanced absorption

proper-ties.

(S. Varma, A. Manna, S. Srivastava (1IT
Khargpur)

5. Scaling properties of nanostructures
created via ion irradiation on thin TiO2

films

Ion implantation of TiO2 thin films produces
nanostructures and ripple patterns. Ion
Implantation was carried out at IUAC, New
Delhi. The nanopatterned thin films have been
investigated by Scanning Probe Microscopy
(SPM) and Angle Resolved X-ray Photoelectron
Spectroscopy (ARXPS). The results indicate
presence of oxygen vacancies on the surface. The
Scaling properties have been studied by utilizing
all the results in combination. The roughness and

growth exponent behavior has been studied.

(S. Varma, A. Manna, A. Kanjilal and D.
Kanjilal (IUAC N. Delhi)

6. Enhanced photocatalytic activity from

aligned ZnO nanorods

Aligned ZnO nanorods were synthesized by
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hydrothermal method. Morphological, structural,
photoabsorbance and photoluminescence studies
have been carried out using field emission
scanning electron microscopy (FE-SEM), grazing
incidence X-ray diffraction (GIXRD), Raman, UV-
visible and Photoluminescence spectroscopy. Re-
sults show that crystallinity and alignment of
ZnO NRs lead to good photocatalytic activity in
the presence of visible light.

(S.Varma, P. Dash, A. Manna, P. K.
Sahoo(NISER), N. C. Mishra (Utkal Univ.)

7. Interaction of circular DNA with SiO and
TiO, Surfaces

SiO, and TiO, Surfaces were modified with
ion beams to produce efficient surfaces for DNA
conjugation. Thee surfaces were interacted with
circular DNA. These surfaces respectively
indicate a hydrophobic and hydrophilic behavior.
Scanning probe microscopy (SPM) and Angle
Resolved X-ray Photoelectron Spectroscopy
(ARXPS) studies have been carried. Combined
studies display that the concentration of elements
varies as a function of depth which is responsible
for the DNA interaction.

S. Varma, Indrani Mishra (IIT N. Delhi), S.
Majumder (NIT-Patna), Shalik R. Joshi (Ulsan
National Institute of Science and Technology,
Korea) and U. Subudhi (IMMT))

8. Study of Topological Insulators using
Angle Resolved
Spectroscopy (ARPES)

Photoelectron

Discovery of spin polarized non-trivial
surface states (SSs) in bulk insulating materials
was a major breakthrough in the field of

condensed matter physics. Various exotic states

of these compounds, which are widely known as

topological insulators (T1Is), are being understood
by using both experimental and theoretical tools.
Lots of research work is also being devoted to
explore the technologically important properties
of these materials such as; the effect of proximity
of TIs with superconductors, correlated and
magnetic materials, the spin helical SSs of TIs to
build up some novel devices, especially in the
area of spintronics and quantum computing. The
origin of such unique SSs is the strong spin orbit
coupling (SOC) and the small energy band gap
in these materials together giving rise to an
inversion of bands with opposite parity. These
SSs are of non-trivial topology and hence stable
against any perturbation, like disorder or
impurities. The subtle interplay between spin
orbit interactions (SOI) and the near Fermi level
(Ef) electronic structure can also lead to other
distinct systems, like Weyl semimetals,
topological crystalline insulators, topological
Dirac semimetals etc. The SSs in TIs are
characterized by the time reversal invariant
Z,(v,,v). Tl systems fall into the category of strong
or weak according to the v, value 1 and 0
respectively. Several compounds have been
theoretically predicted to host strong TI
characters and many of them have also been
experimentally realized, whereas only very few
weak TIs have been identified till now. Using
various experiments and band structure
calculations. We earlier have shown that BiSe is
indeed a weak TI. We have been studying the
band structure of various TIs using both
experimental ARPES as well as theoretical DFT
methods, especially for tuning the Dirac node and
understanding the dynamics of the fermions.
During the year we have undertaken ARPES

studies on compositions of BiSe, Bi, Cu Se, Bi,
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Sb Se and Weyl semimatals like WTe,, ZrTe, etc
using both laboratory ARPES system at IOP and
Synchrotron Radiation facility at Elettra, Italy. In
our recent ARPES study on the week topological
insulator BiSe we showed the presence of Dirac
like linearly dispersive SSBs around the I" point
and with a small (8%) Sb doping the SSBs deviate
from the Dirac like dispersion. This behavior is
quite different from that of the SSBs and their
evolution with doping in known TIs of the Bi
chalcogenide family. The FS composed by the
SSBs of BiSe does not show any hexagonal
warping. The most important observation of this
study is the asymmetry in the spectral weight of
the SSBs between the positive and negative K,
directions which changes with the polarization
of the exciting photon. This asymmetry in the
intensity of SSB of negative and positive K,
gradually switches to opposite direction as
photon energy varies. This indicates the spin
polarization of the SSB which can be associated
to the strong coupling between the spin and

orbital component of the SSB.
(Prof. B. R. Sekhar)

9. A major part of the research work was on
the growth, characterization and application of
2D layered nanostructures, in particular MoOx
nanostructures. Extensive works were carried out
growing a-MoO, and meta-stable f-MoO,
nanostructures on various substrates and various
conditions. The growth has been carried out by
various thin film growth methods, such as,
physical vapor deposition in high vacuum,
molecular beam epitaxy (MBE) technique under
ultra-high vacuum (UHV) conditions, Chemical
Vapor deposition methods with varying

parameters, such as, substrates, substrate
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temperature, film thickness, etc. and their
applications. The three parts of any materials
system development involves, growth,
characterization and applications. This year work
focuses on these three parts related to MoOx
nanostructures. One of the idea was to grow
MoO_ nanostrcutures under clean environment
(like using MBE under UHV) and look at
possibility of growing ordered 2D layered
structures, such as, MoOX nanostructures under
MBE conditions. It is a challenging task as often
there is a large amount of lattice mismatch with
the substrate besides weak inter-planar forces in

the 2D layered structures.

The growth and characteristics of defect free,
mixed phase free metastable molybdenum
trioxide (8-MoQ,) on varied substrates and MoO,
and then the structural phase transformation
from -MoO, to MoO, and then to Mo by simple
thermal reduction process in UHV condition. A
part of the work was devoted to structural
characterization of MoO _nanostructures, such as,
elemental composition, thickness, shape and size,
order in the organization using several
experimental methods. The effective thickness,
composition and the oxygen concentration of the
molybdenum oxide thin films nanostructures
were determined by using the resonant
Rutherford backscattering spectrometry (RBS). In
resonant RBS measurements, 3.05 MeV alpha
particles were used to probe, as it is known that
the Rutherford cross-section is enhanced from the
Oxygen atoms. Extensive use of electron
microscopy methods, such as, scanning electron
microscopy and transmission electron
microscopy were used for size, shape, ordering,

crystalline structure and composition of the
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grown nanostructures. UV-Vis spectroscopy and
Kelvin probe microscopy methods were used to
determine the band gap and work function of the
structures. X-ray photoelectron spectroscopy was
used to determine the chemical bonding
information. The effect of different film thickness
of molybdenum oxide nanostructures on the
optical band gap, local work function and field
emission have discussed in detail. The role of
noble metal (Au and Ag) nanostructures acting
as catalyst for the growth of MoO3 was studied.
The experimental investigations using SEM - EDS
method, showed that the Au nanostructures are
better catalyst particles for MoO_nanostructure
growth. The role of annealing environment on
structural, optical, field emission properties of
MoO, thin films has also been presented in this

work.

We report on the synthesis and UV-vis
photodetection application of p-type MoO,
nanostructures (NSs) on Si substrate. 3-MoO, NSs
have been synthesized from previously grown o.-
MoQO3 structures/n-type Si via a hydrogenation
process at 450 °C. After hydrogenation, the o-
MoQ, structures were completely converted into
B-MoO, NSs without the presence of sub-
oxidized phases of molybdenum oxide. The as-
grown NSs exhibited very good p-type electrical
conductivity of = 2.02 x 10° S—cm™ with hole
mobility of = 7.8 + 1.3 cm?>-V"'-Sec™. To explore
optoelectronic properties of p-type -MoO, NSs,
we have fabricated a p-MoQO, /n-5i heterojunction
photodetector device with Au as the top and Al
as the bottom contacts. The device exhibits peak
photoresponsivity of = 0.155 A W with
maximum detectivity = 1.28 x 1011 cm-Hz1/2-

W1 and 44% external quantum efficiency around

=436 nm, following the highest photoresponse (I
ph/Id= 6.4 x 10°) and good response speed (rise
time ~29 ms and decay time ~38 ms) at 1.5 V.
Importantly, this device also shows good self-
powered high-speed (rise time ~ 47 ms and decay
time ~70 ms) photodetection performance with
peak = 45 mA W. This broadband UV-visible
light detection feature can be attributed to the
coordinated effects of MoO2 band-edge
absorption, interfacial defects and self-absorption
in Si. The photodetection behavior of the device
has been understood by proposed energy-band
diagrams with the help of an experimentally
derived work function, band gap and valence

band maximum position of MoO, NSs.
(Prof. P. V. Satyam)

10. Ion-beam induced nanoscale patterning of

semiconductors and their functionalization

(@) Ion-beam fabrication of self-organized

patterned substrates

We are working on fabrication of self-
organized patterned semiconductor substrates
with the help of low-to-medium energy (0.1-60
keV) ions and trying to understand pattern
formation in light of different experimental
parameters and Monte-Carlo simulation studies.
Interestingly, usage of keV Au ions leads to
nanowire-like patterned Ge substrates with
extreme regularity up to tens of micro-metres. On
the other hand, at low ion energies, ripples are
formed on Si surface which undergoes a
transition to facets (in the low energy regime)
under a stipulated angular window of the
incident ion beams. On the other hand, low
energy Ar and Kr-ion bombardment at elevated

temperatures and high fluences lead to the
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formation of crystalline ripples, dots, and
nanowires on different III-V semiconductor
surfaces, viz. InP, GaAs, GaSb, InP, and InSb
under the reverse epitaxy process. Different types
of patterned surfaces are fabricated by us towards
their nanoscale functionalization, viz. plasmonics,
solar cells, and nanoscale magnetism where we
use the patterned substrates as templates for
growth of low-dimensional thin films using

various deposition methods.

(b) Nanoscale functionalization of

nanopatterned semiconductor surfaces

(i) Anti-reflection of oxide thin films grown

on patterned silicon surfaces

fabricated

nanorippled- and nanofacted-Si substrates show

Low energy ion-beam
good anti-reflection property. These surfaces are
successfully used for growth of oxide thin films.
For example, we have shown the efficacy of zinc-
doped tin oxide (ZTO) films grown on
nanorippled- and nanofaceted-Si surfaces

towards reducing optical reflection loss.

(ii) Tailoring anisotropic optical properties of
gold nanoparticles decorated rippled-Si

fabricated

nanorippled-Si substrates have anisotropic

Low energy ion-beam
morphological nature which are being employed
by us as templates to decorate with Au
nanoparticles to tune their optical property. In
this case, we are growing Au nanoparticles at
different growth angles on rippled-Si substrates.
Spectroscopic ellipsometry in conjunction with
UV-Vis spectroscopic measurements show
growth angle-dependent shifts in the signals. The
results are compared with the Au nanostructures

grown on pristine-Si substrates. These Au
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nanoparticle-decorated rippled-Si substrates are
also being investigated as surface enhanced
Raman scattering substrates for their potential

use in cancer detection.
(iii) Cold cathode electron emission

Gold nanoparticle-decorated nanofaceted-
silicon substrates show extraordinary cold
cathode electron emission at unprecedented low
turn-on fields following Fowler-Nordheim
tunneling process. It is interesting to note that
while as-prepared Si-nanofacets show less than
0.5 V pm™ turn-on field, upon decorating the
same by Au nanoparticles (grown at different
angles), the turn-on field can be pushed down
even further to an extremely low turn-on field
(0.27 V um™).

(iv) Magnetic anisotropy in Co thin films on

nanowire-like patterned-Ge substrates

Strong uniaxial magnetic anisotropy is
observed in conformally grown cobalt thin films
on nanowire-like patterned-Ge substrates. Thin
films were deposited at different oblique angles
of incidence by RF magnetron sputtering
technique. The results are compared with those
obtained for Co films grown on pristine-Ge
substrates. Our results reveal that magnetic
anisotropy prevails along the easy axis of
magnetization parallel to the direction of patterns.
In addition, a complete spin re-orientation is also
observed in Co films depending on the
orientation of the applied external magnetic field

with respect to the pattern wave-vector.

I. Growth and characterization of thin films

for hole-blocking photovoltaic cells

(@) Thin film growth using DC/RF magnetron

sputtering
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We are studying growth of transparent
conducting oxides (TCOs), hole-blocking oxides,
and other active layers in the form of thin films
on glass and silicon substrates. The main objective
is to optimize the growth of different oxide
materials under varying experimental conditions

to use them in photovoltaic cells.

(b) Local probe electrical transport property of

zinc-doped tin oxide thin films

We demonstrate tunable nanoscale charge
transport in Zn-doped SnO, (ZTO) thin film using
conductive atomic force microscopy. We show
that charge transport across a ZTO layer can be
tuned by applying an external nano-Newton
force. We also demonstrate that the work function
of Zn-doped SnO, (ZTO) can be tuned externally
by applying an electric field. Our experimental
investigations using Kelvin probe force
microscopy show that by applying a positive or
negative tip bias, the work function of AZO film
can be enhanced or reduced, which corroborates
well with the observed charge transport using
conductive atomic force microscopy. Tuning the
work function of ZTO by applying an external
electric field is not only important to control the
charge transport across it, but also to design an

Ohmic contact for advanced functional device.

(c) Study of hole-blocking property of WO,
and MoO, thin films

We are studying the hole-blocking
properties of WO, and MoO, layers for their
applications in photovoltaic cells. X-ray
diffraction data reveal the amorphous nature of

as-grown oxide films which undergo a transition

to crystalline states after annealing.

II. Resistive switching behavior inTiO, thin

films

We are working on thin films of TiO, grown
by pulsed laser deposition (PLD) and RF
sputtering techniques. The films are found to be
smooth and uniform over reasonably large
surface areas and demonstrate unipolar resistive
switching behavior. In addition, we have shown
visible wavelength-dependent systematic change
in the switching voltage at various current
compliance values which adds up an extra control
parameter in conventional resistive switching
based memory devices. As a second step, we are
tailoring the resistive switching property of these
films using several ion beams having different
energies (5-60 keV). For this purpose, besides bulk
resistive switching we also employ local probe-
based conductive atomic force microscopy
(cAFM) to address the underlying mechanisms,
based on ion-matter interaction, leading to the
tunable resistive switching behavior in TiO, films.
Mostly our ECR ion source-based low-to-medium
energy ion-beam facility is used to extract ions
up to 25 keV, while ion energies higher than that
are being obtained from the IUAC ECR ion

source-based facility.
(Prof. T. Som)

11. My group is actively involved in
material science research and tailoring properties
of materials by doping or by band modifications.
Our research interest also extends to various
advanced functional materials which have
potential technological applications. Some
representative abstracts of our research work
carried out in last one year which range from
synthesizing organic compounds, single crystal
analysis, catalysis, optical and electron

spectroscopy, magnetic refrigerant, ion beam
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research, multiferroics and theoretical modelling

are presented below.

A. Room Temperature Growth of
CH,NH,PbCl, Single Crystals by Solvent
Evaporation Method

We report a new route to synthesize high-
quality, large-size crystals of CH,NH,PbCl,
through proper selection of Dimethyl sulfoxide
(DSMO) - gamma-Butyrolactone (GBL)
solution in which lead (IT) chloride (PbCl2) and
methylammonium chloride (MACI) were
dissolved and the precursor solution was kept at
room temperature without any disturbance. GBL
has higher boiling point than DMSO, hence,
DMSO vaporizes much faster and steers to have
more anti-solvent contained reaction mixture
condition, eventually leading to the growth of
large rectangular shaped (8 X 5 X 1 mm), highly
transparent, colorless and high-quality MAPbCI3
single crystals. We carried out detailed evaluation
of the structural, electronic, optical and electrical
properties of these crystals. Our XPS studies
suggested that organic-inorganic halide
perovskites are very sensitive to X-ray-induced
damage, and hence, their properties may get
altered. Also, photoluminescence studies
displayed two peak spectra, indicating
coexistence of order—-disorder domains of
CH,NH, in the sample. Further observation of
low defect concentration and longer diffusion

length indicates that crystals grown by the
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presented method can offer promising solutions

for optoelectronic devices.

Rectangular shaped, high crystalline quality,
defect free, and colorless 3D perovskite single
crystals of CH3NH3PbCI3 was grown using
solvent evaporation method at room temperature

for the first time.

B. Self-immobilized Pd nanowires as an
excellent platform for a continuous flow
reactor: and

efficiency, stability

regeneration

Despite extensive use of Pd nanocrystals as
catalysts, the realization of a Pd-based continuous
flow reactor remains a challenge. Difficulties arise
due to ill-defined anchoring of the nanocrystals
on a substrate and reactivity of the substrate
under different reaction conditions. We
demonstrate the first metal (Pd) nanowire-based
catalytic flow reactor that can be used across
different filtration platforms, wherein, reactants
flow through a porous network of nanowires (10—
1000 nm pore sizes) and the product can be
collected as filtrate. Controlling the growth
parameters and obtaining high aspect ratio of the
nanowires (diameter = <“13 nm and length > 8000
nm) is necessary for successful fabrication of this
flow reactor. The reactor performance is similar
to a conventional reactor, but without requiring
energy-expensive mechanical stirring.
Synchrotron-based EXAFS studies were used to
examine the catalyst microstructure
and Operando FT-IR spectroscopic studies were
used to devise a regenerative strategy. We show
that after prolonged use, the catalyst performance
can be regenerated up to 99% by a simple wash-
off process without disturbing the catalyst bed.

Thus, collection, regeneration and redispersion
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processes of the catalyst in conventional
industrial reactors can be avoided. Another
important advantage is avoiding specific catalyst-
anchoring substrates, which are not only

expensive, but also non-universal in nature.

C. Temperature Dependent Photo-induced
reversible Phase Separation in Mixed
Halide Perovskite

It was prediced that tandem solar cells
comprising of mixed halide perovskites and
commercially available Si, Germanium or Copper
indium gallium selenide cells could increase the
solar cell efficiency beyond 40% % compared to
the respective single junction cells. However,
when mixed-halides perovskite was employed as
solar cell absorber layers by replacing some I with
Br, (CH,NH,Pb(I, Br ),)the increase in bandgap
(of the perovskite material) did not yield a
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corresponding increase in open circuit voltage.
Subsequently, it was realized that mixed I/Br
perovskites underperforms as illumination
induces a strong and reversible band gap feature
(at lower band gap) which disappeared after
several minutes in. Such insatiability arises due
to light induced halide phase separation that
leads to the formation of smaller-bandgap “trap”
states. Herein, using temperature dependent
photoluminescence studies, we show that the
stated photoinduced phase separation occurs
only in a narrow temperature range and above a
Our

observation of disappearance of phase separation

particular bromine concentration.
at elevated temperatures suggests the possibility
that these tandem solar cells may indeed work
better at elevated temperatures. Further, we
provide the first experimental proof for the
demixing transition temperature as predicted and
also observe that demixing and remixing
temperatures are pinned to crystallographic
phase transition temperatures. Longer carrier
lifetime of iodide-rich clusters is observed
confirming the strong electron-phonon
interaction (polaronic effect) which is absent in

the initial mixed states.

D. GdCrO3: a potential candidate for low

temperature magnetic refrigeration

GdCrO, shows a spectrum of interesting
features, such as temperature induced
magnetization reversal, spin flipping and spin
reorientation, etc, which arise due to the
competing magnetic interactions within and
between Cr and Gd-sublattices. We observed that
GdCrO, also exhibits a giant magnetocaloric
effect (MCE) with a maximum entropy change

of 36.97 ] kg K", an adiabatic temperature
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(a) Total entropy (S) as a function of temperature
for zero field and 9 T applied field for GdCrO3,
calculated from the heat capacity data. Arrows (AB)
and (BC) represent the isothermal entropy change and
isentropic temperature change, respectively.
Temperature dependence of (b) isothermal entropy
change (—ASM), (c) adiabatic temperature change
(ATad), and (d) RCP at various magnetic fields changes
up to 9 T. The inset of (b) represents —ASM up to the
temperature well above the magnetic ordering
temperature (190 K) and the inset of (c) represents the
final temperature (Tf) as a function of initial
temperature (T7) in the adiabatic demagnetization
process for 9 T and 7 T magnetic fields.

change of 19.12 K and a refrigeration capacity of
542 ] kg™ for a field change of 7 T at low
temperatures. Such an exceptionally large MCE
arises from the suppression of the spin entropy
associated with the suppression of spin
reorientation transition, in addition to the Gd-
ordering, which makes it one of the best
candidates for magnetic refrigeration among all

known potential low temperature magnetic refri

E. Angle dependent localized surface
plasmon resonance from near surface
implanted silver nanoparticles in SiO, thin

film

Near surface silver nanoparticles embedded
in silicon oxide were obtained by 40 keV negative
ion implantation without the requirement of an
annealing step. Ion beam induced local heating
within the film leads to an exodiffusion of the
silver ions towards the film surface, resulting in
the protrusion of larger nanoparticles. Cross-
sectional transmission electron microscopy
reveals the presence of poly-disperse
nanoparticles (NPs), ranging between 2 nm and
20 nm, at different depths of the SiO, film. The
normal incidence reflectance spectrum shows a
double kink feature in the vicinity of 400 nm,

indicating a strong localized surface plasmon

(b)

(a) The-cross sectional TEM image of the silver implanted SiO2 film /Si (100). The red arrows show the direction
of silver ion implantation. Towards the right, the high resolution image shows the single crystalline nature of
the formed Ag nanoparticles. (b) The corresponding size distribution of the Ag nanoparticles. (Fig. of Sec-E)
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resonance (LSPR) from the embedded NPs.
However, due to overlap of the bilayer
interference and LSPR, the related features are
difficult to separate. The ambiguity in associating
the correct kink with the LSPR related absorption
is cleared with the use of transfer matrix
simulations in combination with an effective
medium approximation. The simulations are
turther verified with angle dependent reflectance
measurements. Additionally, transfer matrix
simulation is also used to calculate the electric
field intensity profile through the depth of the
film, wherein an enhanced electric field intensity

is predicted at the surface of the implanted films.

F. Role oflocal structural distortion in driving

ferroelectricity in GACrO,

The family of rare-earth chromites like
GdCrO3 has been recognized as promising
systems for multiferroicity at reasonably high
temperatures. But the conflicting observations of
the ferroelectric behavior at relatively high
temperature and the average centrosymmetric
lattice (Pbnm) and magnetic structure (G-type)
in these systems remained a puzzling issue in this
series of compounds. Using temperature
dependent synchrotron x-ray diffraction and
extended x-ray absorption fine structure (EXAFS)
studies we tried to understand the role of
structural characteristics in driving the
magnetoelectric multiferoic properties of
GdCrO3. Our results suggest that the distortion
in the structure appears to be associated with the
off-center displacement of Gd-atoms together
with octahedral rotations via displacement of the

oxygen ions in GdCrO3. In addition, the magnetic

coupling below magnetic transition temperature

leads to additional distortion in the system via
magnetostriction effect, playing a complementary
role in the enhancement of ferro- electric
polarization. Further, a comparative EXAFS
study of GdCrO3 with a similar system YCrO3
suggests that oxygen environment of Gd in
GdCrO3 is different from Y in YCrO3, which
resulting in an orthorhombic Pna21 structure in
GdCrO3 in contrast to the monoclinic P21
structure in YCrO3 .

Visualization of displacement of oxygens around
CrO6 octa- hedron (octahedral rotation), as indicated
by the arrows and dashed circles represent possible
displacement of Gd atoms in GdCrO3.

G. Tetramer Orbital-Ordering induced
Lattice-Chirality in Ferrimagnetic, Polar
MnTi204

Using density-functional theory calculations
and experimental investigations on structural,
magnetic and dielec- tric properties, we have
elucidated a unique tetragonal ground state for
MnTi2 O4, a Ti3+ (3d 1 )-ion containing spinel-
oxide. With lowering of temperature around 164
K, cubic MnTi204 undergoes a structural

transition into a polar P41 tetragonal structure
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and at further lower temperatures, around 45 K,
the system undergoes a paramagnetic to
ferrimagnetic transition. Magnetic superexchange
interactions involving Mn and Ti spins and

minimization of strain energy associated with co-

(b) MnO, |(c) TiO,: Ti*'(3d")
Mo 3% [ Ti Ti2

¢|&
_fti_ftegz & =

(a) Schematic of the tetragonal P4, spinel structure of
MnTi O, with MnO, tetrahedral units and two-kinds
of TiO,octahedral units. Ground state orbital and spin
configurations of (b) Mn** and (c) Ti*(Til and Ti2) ions.
The single Ti 3d" electron occupies either the | xz > or
the |yz > orbital for the Til site and the |xy > orbital

for the Ti2 site.
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DOS (states/eV/cell)

DOS (states/ eV/atom)

Density-of-states (DOS) of P4, structure of MnTi,O,.
(a) shows total-DOS for all atoms (Mn, Ti, O), (b) and
(c) show partial-DOS for Til d-levels and Ti2 d-levels,
respectively
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operative Jahn-Teller distortions plays a critical
role in stabilization of the unique tetramer-orbital
ordered ground state which further gives rise to
lattice chirality through subtle Ti-Ti bond-length

modulations.
(Dr. Dinesh Topwal)

12. Wereport the intense room temperature
ultraviolet photoluminescence (PL) emission
from self-assembled vertically aligned ZnO
nanorods grown directly on graphene. The PL
intensities from ZnO nanorods grown on other
van der Waal bulk solids such as highly oriented
pyrolytic graphite (HOPG) and mica under the
same experimental condition are also compared.
The enhanced PL signal from ZnO nanorods
grown on graphene is explained on the basis of
lattice matching of ZnO with that of graphene
leading to high crystal quality. Furthermore, the
role of graphene plasmons on the enhanced PL
signal is explored by studying the micro-PL
mapping on a single nanorod lying horizontally
on the graphene surface. The uniform and high
PL intensity distribution are noticed along the
central axis of the rod, and the intensity
distribution decreases towards either side of the
central axis. The occurrence of such intensity
distribution is explained by resonant excitation
of graphene plasmon near bandgap energy of
ZnO, which is modulated by surface corrugation
of graphene and followed by its transformation

into propagating photon.
(Dr. S. Sahoo)

13. (a) Spin-orbit coupled SrIrO, thin films:
Structural stability and related electrical

transport properties.
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Recent days have witnessed a surge of
interest to study emergent topological effects
induced by spin-orbit coupling. For systems
having 5d transition metal ions like Ir, the energy
scale of spin-orbit coupling that varies with Z* (Z
is the atomic number) is comparable with those
of the bandwidth Wand the

Coulomb energy U unlike their 3d counterparts.

onsite

Therefore, 5d transition metal oxides with delicate
interplay among various energy scales are
predicted to host exotic quantum phases like
spin-orbit coupled Mott insulator, Weyl
semimetal, correlated topological insulator,
semi-metal etc.
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Perovskite SrlrO, (SIO) is one of the
representative members in this family that has
drawn lots of attention. Interestingly, the
emergence of a Dirac node and the observation
of Dirac like semi-metallic character have been
reported in SIO. Besides its novel semi-metallic
character, SIO has been theoretically proposed as
a key building block for engineering topological
phases in various designed super-lattice
structures. Despite its alluring electronic
properties, the structural stability, strain
relaxation, local lattice distortion under various

thermodynamic conditions during film growth

remains an issue.
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Fig. (a)- (d) are the plots of resistivity as a function of temperature for SIO films grown at different conditions.
Insets to each figure show the transition from insulating-like to metal-like trend as the temperature is increased.
Respective STEM images reveals distinct hexagonal and orthorhombic phases for films grown at 550°C and
700°C respectively. The right side plot shows the Hall coefficient (R,;) vs. temperature of SIO thin films grown
at 550°C and 700°C respectively.
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Metastable orthorhombic SrlrO, (SIO) is an
arch-type spin-orbit coupled material. We tailor
the growth of relatively thick SIO films that
transform from bulk “6H-type” structure with
monoclinic distortion to an orthorhombic lattice
by controlling growth temperature. Extensive
studies based on high resolution X-ray diffraction
and transmission electron microscopy infer a two
distinct structural phases of SIO. Electrical
transport reveals a weak temperature dependent
both
phases. However, the temperature dependent
Hall-coefficient for the orthorhombic SIO exhibits

a prominent sign change, suggesting a multiband

semi-metallic character for

character in the vicinity of E,. Interestingly, we
found a robust sign change from negative to
positive in the temperature dependent Hall
coefficient for orthorhombic SIO film indicating
a delicate balance between the hole and electron
band contributing to the transport properties.
This is along the lines of theoretical predictions
that find a small overlap of parabolic whole bands
with Dirac-like electron bands at the Fermi level.
In essence, our study delineates the distinct
structural and electrical transport properties of
monoclinic vs orthorhombic SIO thin films which
are important to understand the underlying
electronic properties and structural stability of
SIO thin for developing the future oxide

electronic technology.

Reference: Orthorhombic vs hexagonal epitaxial
SrlrO, thin films: Structural stability and
related electrical transport properties

S. G. Bhat, N. Gauquelin, N. K. Sebastian, A.
Sil, J. Verbeeck, D Samal, P S Anil Kumar, EPL
122,28003 (2018) (Editor’s choice and highlights
of 2018 in EPL)
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(b) The effect of Sn intercalation on the
superconducting properties of 2H-NbSe,

2H-NbSe, is known to be an archetype
layered transitional metal dichalcogenide
superconductor with a superconducting
transition temperature of 7.3 K. We have
investigated the influence of Sn intercalation on
the superconducting properties of 2H-NbSe,. Sn
has been successfully intercalated up to 4 molar%
in the NbSe,. Magnetic and transport studies
reveal a significant reduction of both
superconducting transition temperature and
upper critical field [T  and B, (0)] upon Sn
intercalatio Fig. 1 (a,b, and c). With a mere 4
mole% Sn intercalation, it is observed that T_and
B., (0) get suppressed by ~3.5K and 3T,
respectively. Werthamer-Helfand-Hohenberg
(WHH) analysis of magneto-transport data is
performed to estimate B, (0). From the low
temperature Raman scattering data Fig. 2 (a,b)
in the normal phase of intercalated 2H-NbSe , it
is inferred that the suppression of
superconductivity cannot be ascribed to
strengthening of charge density wave (CDW)
Rather, the

superconductivity is attributed to the observed

ordering. weakening of
increase of c-axis Fig. 2 (c) lattice parameter and

the possible changes in the Fermi surface.

Reference: The effect of Sn intercalation on the

superconducting properties of 2H-NbSe2

S Naik, G. K. Pradhan, S. G. Bhat, B. Behera,
P.S. Anil Kumar, S.L. Samal, D Samal, Physica
C: Superconductivity and its Applications, 561,
18 (2019)
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Fig. 1 (a) Temperature dependent zero field cooled (dc field 50 Oe) magnetization for Sn NbSe, (0 d” x d” 0.04)
revealing superconducting transition. The inset shows the magnified view of superconducting transition. (b)
Normalized temperature dependent resistivity for Sn NbSe, with x =0 and x = 0.04. The inset shows the magnified
view of superconducting transition (c) B.,~T, phase diagrams for NbSe, and Sn, ,NbSe, extracted using WHH
formalism. The inset shows the slope dB/dT in the vicinity of T .
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Fig. 2 a) Raman spectra of 2H-NbSe, and Sn  ,NbSe,. The broad feature (marked as *) around 190 cm™ peak
involving a second-order scattering process of two phonons. Disappearance of this mode is identified with
CDW transition b) Temperature evolution of the Raman spectra of Sn; ,NbSe, at representative temperatures.
The spectra have been normalized to the highest intensity and vertically offset for clarity. The broad feature
(marked by black arrow) survives until 40 K achieved in this experiment. The inset shows the red shifting of the
soft mode position with temperature. The dashed line is a guide to the eye. The right hand side figure (Fig.2 c)
shows the correlation of T_vs c-axis lattice parameter upon Sn intercalation

(c) Evidence for exchange bias coupling atthe  research to design technologically relevant
perovskite/brownmillerite interface in  functionality and explore emergent physical
spontaneously stabilised SrCoO,/ SrCoO,, phenomena. While most of the previous works
bilayer focus on the perovskite/perovskite

heterostructures, the study on perovskite/

Interface effect in complex oxide thin film
brownmillerite interfaces remain at its infancy.

heterostructures lies at the vanguard of current
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Here, we investigate spontaneously stabilized
perovskite-ferromagnet (SrCoQO,;)/ brown-
millertite- antiferromagnet (SrCoQO, ,(SCO,,,))bi-
with T > T

unconventional interfacial magnetic exchange

layer and discover an

C
bias effect. From magnetometry investigations,
it is rationalized that the observed effect stems
from the interfacial ferromagnet/
antiferromagnet coupling. The possibility
for coupled ferromagnet/spinglass interface
engendering such effect is ruled out. Strikingly,
a finite coercive field persists in the paramagnetic
state of SrCoO, , (SCO,.) whereas the exchange
bias field vanishes at T.. We conjecture the
observed effect to be due to the effective external

quenched staggered field provided by the

antiferromagtic layer for the ferromagnetic spins
at the interface. Our results not only unveil
a new paradigm to tailor the interfacial magnetic
properties in oxide heterostructures
without altering the cations at the interface, but
also provide a purview to delve into
the fundamental aspects of exchange bias in such
unusual systems paving a big step forward in thin

film magnetism.

Reference: Evidence for exchange bias coupling
at the perovskite/brownmillerite interface in

spontaneously stabilised SrCoO,/ SrCoO, ; bilayer

B C Behera, Subhadip Jana, Shwetha G Bhat,
N Gauquelin, G Tripathy, P S Anil Kumar, D
Samal, Phys. Rev. B 99, 024425 (2019)
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Fig.: left panel (a) schematic representation of magnetic ordering temperature for ferromagnetic SrCoO, and
antiferromagnetic SrCoO, ,, (b) layout of the designed [SCO,(~ 24nm)/SCO,, (~ 2nm)] bi-layer on STO, (c)
schematic magnetic hysteresis loop representing magnetic exchange bias (MEBE) under positive field cooling.
Right panel (d)e-2¢ x-ray diffraction pattern, (e)O-scan along the asymmetric planes of STO(103), SCO,(103),
SCO,,,(1112), (f) measured and fitted x-ray reflectivity, and (g) off-specular reciprocal space mapping around
STO(103) of [SCO,,.(~ 24nm)/SCO,,, (~ 2nm)] bi-layer, with (e, f and g) indicating an epitaxial and sharp interface
beteween SCO,,. and SCO,,, layer. Right panel (a) Temperature dependent zero field cooled and field cooled
magnetization, (b)M(H) loop at 5 K after zero field cooling from room temperature (the inset shows the enlarged
view of M(H) loop indicating symmetric coercive field on positive and negative field-axis) (c)M(H) loops at 5K
after field-cooling from 350 K in a +3 T field (dark yellow circles) and in a +3 T field (orange circles) indicating
MEBE effect (d) schematic representation of two possible growth structures (random mixture of Ferro and
Antiferro clusters and a well-defined interface between ferromagnetic and antiferromagnetic layers. (e) the
thermo-remnant magnetization of [SCO,.(~ 24nm)/SCO 2nm)] bi-layer ruling out the possibility for the
existence of Ferro and Antiferro clusters.
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(d) Dimensional induced metal-insulator
transition and WAL-WL crossover in
CaCu,Ru,O,, thin films

Electrons in solids, by coupling with spins
and lattices, form dressed particles called
quasiparticles (QPs). The mass of such QPs can
in some cases be extremely heavy, 100-1000 times
the bare electron mass. Heavy-fermionic QP
signature is generally found in systems with f-
electron systems containing rare earth or actinide
ions (for example CeSn). Those systems are
conventionally known as heavy-fermionic
systems, and show a rich variety of phenomena
such as the coexistence of superconductivity and
ferromagnetism. The f-electrons, which are
localized at high temperatures, hybridize with the

conduction electrons at low temperatures

/ CaCu,Ru,0,,
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through Kondo interaction, thereby forming a
very narrow conduction band and, therefore the
QP effective mass of the narrow band is
substantially enhanced. In the case of d-electron
metals, it is not that obvious to identify the same
kind of physics. Interestingly certain “d”
transition metal oxides such as LiV,O, and
CaCu,Ru,0,,are reported to exhibit remarkable
heavy-fermion electronic character, and these
systems are under investigation to unveil the
microscopic underlying physics. The formation
of heavy QP in d-electron system opens a new
way to understand the heavy-fermion related
physics beyond f-electron systems. Generally, in
low spatial dimensions, many-body correlation
effects become more prominent and complex.

Moreover, both thermal and quantum
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fluctuations are largely enhanced with a
reduction in dimensionality. If heavy fermionic
systems can be made 2D, even more fascinating
phenomena are expected to result, and such
studies are very much desirable. We have put our
efforts to fabricate epitaxial CaCu,Ru,O , (CCRO)
thin films by PLD and to study its dimensional
effect by varying thickness. We observe a
thickness driven metal insulator transition (MIT)
below 3 nm and also a strong inter-play close to
MI transition among elastic, inelastic (Thoules)
le, Iso) that

gives rise to WAL to WL crossover. Using general

and spin-orbit scattering lengths (L.,
2D magneto transport theory (given by HNL
equation) we present plausible physical

explanation for WAL-WL crossover.

Reference: Dimensional induced metal-
insulator transition and WAL-WL crossover in
CaCu,Ru,O,, thin films

Subhadip Jana, BC Behera, Shwetha G Bhat,
PS Anil Kumar, D Samal (Manuscript under

preparation)

(e) Towards arresting the possible co-operative
Jahn-Teller effectin Ni, Cu O

The structure of bulk CuO as found in nature
is unique and at variance with other 3d transition-
metal monoxides (TMMOs). While MnO, FeO,
CoO, and NiO all crystalize in the rock-salt
crystal, CuO crystalizes itself in a non-
centrosymmetric monoclinic structure possibly
due to strong Jahn-Teller distortion. To arrest
such co-operative Jahn-Teller distortion at Cu site
and investigate about the local structure, we
diluted NiO with Cu to form Ni, Cu O. We
observe that Cu substitutes the Ni up to x=20%.

Higher concentration of Cu leads to phase

48  Institute of Physics

separation. Interestingly, the rocksalt structure is
retained upto 20% from XRD investigation.
Though XRD gives an average rocksalt- type
structure, we are more interested to look for the
local structure surrounding Cu-ion in Ni, Cu O
using EXAFS oscillation. The EXAFS oscillation
of Ni, Cu Ois quite similar to NiO oscillation and
they hardly match with CuO or Cu-metal, which
indicate that the monoclinic distortion is reduced.
However, detailed EXAFS analysis is being
carried out on Ni, CuxO along with theoretical
modelling to understand the underlying

microscopic scenario.

Reference: B. Behera, Subhadip Jana, G K
Pradhan S. N. Sarangi, D Swain, D Samal

(Manuscript under preparation)

(f) Unravelling the Complex Magnetic
Structure and related thermodynamic

Properties in Semiconducting Mn,SnS,

Mn SnS,, a ternary chalcogenide with
orthorhombic structure, contains chains of
isolated edge shared SnS, polyhedra along c-axis
and layers of edge shared MnS, polyhedra in ac-
plane, which are further corner-shared along b-
direction to form 3D network. Here we
investigate the magnetic, thermodynamic and
electronic property of Mn SnS,. Magnetic
measurements reveal two distinct magnetic
transitions: (i) an antiferromagnetic ordering
below 155 K (ii) a weak ferromagnetic ordering,
possibly due to spin canting and frustration
below 53 K. Though the high temperature
magnetic transition is well captured in the specific
heat measurement, the low temperature one was
barely discernible. Refinement of low
temperature neutron data suggest that the

magnetic moments (spins) within {111} planes are




Annual Report &

Research .
Audited Statement of Accounts
r =T
far O zZFo B 3
0,027 e *® FC FT m 400 | L
= - = T o
8 e N /5
2 DOIR E* E _ 3mo}
£ p i 2 ,M
= [=] ] B
= 0015 Ma im o me o
= i B T 1 R R s =2 200
= 3 152 K =
2 2 3K - :T
2 0012 - 53
™ CM\ b
oo -
. L a i a i A i A i i i i i i i
] 50 100 150 200 250 300 0 50 100 150 20 250 300

Temperature (K)

Temperature (k)

Fig.: Left: Temperature dependent magnetic response showing two distinct magnetic transition. Inset shows
the Curie-Weiss fitting of the inverse susceptibility plot in the temperature range of 240 K-300 K with a negative
Weiss constant, a signature for antiferromagnetic interaction. We suggest that the transition around 155 K is for
ordered antiferromagnetic state and the transition around 53 K is could arise due to spin canting. Right: Heat
capacity vs temperature plot showing a clear peak around 152 K which corroborate the magnetic transition as

observed from magnetometry measurement.

ordered ferromagnetically and the adjacent {111}
planes are coupled antiferromagnetically.
However, the antiferromagnetic alignment is not

collinear rather canted.

Reference: Unravelling the Complex Magnetic
Structure and related thermodynamic Properties in
Semiconducting Mn,SnS,

Tuhin S. Dash, Subham Naik, S. D. Kaushik,

D Samal, Saroj L.Samal (under review)

(g) Spin-momentum locking in a cubic Dirac

material probed by quantum interference

The presence of both inversion (P) and time-

reversal (T) symmetries in solids leads to well-

known double degeneracy of electronic bands
(Kramers degeneracy). The lifting of degeneracy
makes spin or chirality to manifest in the form of
(pseudo)spin texture in momentum space, such
as in topological insulators or in strong Rashba
materials. Non-trivial cases are when the double
degeneracy remains in exotic materials. Three-
dimensional (3D) Dirac material is a remarkable
example of this case, in which spin could have
non-trivial dependence to momentum, but
difficult to resolve because all the states are
degenerate with time-reversal pairs. We use
effects in
hidden

interference
to detect

quantum

magnetoconductance
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entanglement of spin and momentum in
antiperovskite-type 3D Dirac materials. We find
robust weak antilocalization (WAL) when the
Fermi energy (E,) is tuned close to the Dirac
nodes, whereas clear signature of weak
localization (WL) develops when E_ shifts by
doping. Notably, the mixing of different Dirac
valleys does not suppress WAL, pointing to
contrasting interference physics compared to
graphene. These results are explained by an axial
spin-momentum locking of real spin at each Dirac
pocket, which, via scattering among six Dirac
valleys that originates from cubic symmetry,
effectively rotates spin and restores WAL. The
finding points to a novel way to control spin/
chirality dynamics by tuning chemical potential

and disorder in multi-valley Dirac materials.

Reference: Spin-momentum locking in a cubic
Dirac material probed by quantum interference

H. Nakamura, J. Merz , E. Khalaf , P.
Ostrovsky, A. Yaresko , D. Samal , H. Takagi (

under Review in Nat. Comm.)

(h) Towards tailoring the electronic properties

of rocksalt like CuO by Interface Design

The structure of bulk CuO as found in nature
is unique and at variance with other 3d transition-
metal monoxides (TMMOs). While MnO, FeO,
CoO, and NiO all crystalize in the rock-salt
crystal, CuO crystalizes itself in a non-
centrosymmetric monoclinic structure possibly
due to strong Jahn-Teller distortion. However, we
have been successful in stabilising rocksalt type
ultrathin CuO layer with c/a >1 using thin film
epitaxy. Earlier, we investigated in detail the
magnetic character of such ultrathin CuO layer.
It is believed that rocksalt type CuO will be a
proxy structure for high-T_superconductivity in

3D upon suitable doping. Keeping in view of the

High symmetry CuO/manganite heterostrutures
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Fig.: Left: RHEED diffraction image for CuO (4 uc)/ manganite (6 uc) indicating a 2D growth pattern. Middle:
the Cu 2p core-level XPS spectrum indicating Cu** state in CuO, though the satellite peak intensity seems to
diminish with manganite interfacing (a careful analysis is being carried out). Right: Sheet Resistance vs
temperature for various CuO / manganite heterostructure exhibiting insulating trend. (Fig. of Sec.-h)
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above, we have fabricated high symmetry CuO/
Manganite heterostructures with unit cell (uc)
precision to search for possible interfacial doping
effects ( assuming charge transfer can happen
from manganite to CuO) that could induce
metallic/superconducting state in CuO. The
Figure below sketches some of our research effort
in this direction, though we are not successful yet
in driving the CuO towards metallic/

superconducting state.

(This work was carried out during my visit
to MPI Stuttgart in the year 2018, as a part of Max

Planck Partner Group programme)

(i) Tailoring the magnetic properties of

CoV,0, thin films (work in progress)

We are exploring the emergence of second
magnetic transition in CoV,O, thin films and its
variation subjected to lattice strain, and
dimensionality. Below we show a representative
magnetic data as a function of magnetic field. In

addition to ferromagnetic transition (150K) as
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Fig: Temperature dependent magnetisation for
CoV O, thin films on SrTiO,

observed in bulk case, we observe an additional
magnetic transition as marked by arrows towards
low temperature side and it disappears with the
application of higher magnetic field. Strikingly
the hysteresis also exhibits two-step behavior. A
detailed study with varying lattice strain, and
dimensionality are in progress to delve into the
microscopic understanding for the emergence of
low temperature magnetic transition as well as
the local electronic structure subjected to strain

and dimensionality of CoV,O, thin films.
15. Liquid Crystal Experiments

Duality of defects in isotropic-nematic phase
transition in liquid crystals, and looking for

Textures in these transitions

We are pursuing our earlier study of duality
between point defects in 2-D and line defects in
3-D which we observed in isotropic to nematic
transition with a crossed polarizer setup. We are
also carrying out numerical simulation of this
duality and our results are in confirmation with
our experimental results. We are planning a setup
to extend it to string to domain wall duality using
isotropic-nematic transition in the presence of
electric field. We also investigate techniques to
identify texture topological objects in these

transitions.

(S.S. Dave and A. M. Srivastava)
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2.6. Theoretical Condensed Matter Physics

AtIOP, the condensed matter theory group is involved in cutting edge research in the following
branches of Condensed Matter Physics (CMP).

Quantum Condensed Matter Physics

In this field, we are actively involved in exploring the electronic, magnetic and quantum transport

properties of various quantum materials.

We are performing an active research in this field with a special emphasis on quantum magnetism
and spin liquid physics, strongly correlated electronic systems, quantum entanglement, water and
hydrogen bonded systems, quantum transport through various mesoscopic systems, Dirac materials,
topological insulator and topological superconductor, Floquet Dirac systems, interplay between

topology and correlation etc.
Soft Condensed Matter and Biological Physics

Current activity in this field is mainly focused around developing physical understanding of
different biological phenomena. Members are working on the following topics: formation of
chromosomal structure, morphology and segregation of E.coli chromosome mediated by protein
production and confinement, dynamics of cytoskeletal patterns, phase behavior of active colloids,
ratcheting of colloidal dispersion, dynamics of semi flexible polymers in motor protein assay, DNA
melting and associated vanishing of rigidity, role of topology in kinetoplast DNA, rheology of soft

and active matter, etc.
Statistical Mechanics

The current interest of the group revolves around non-equilibrium stochastic thermodynamics,
stochastic heat engines, fluctuation theorem, entropy production by active particles, stochastic pump

of interacting particles and current reversal, collective motion driven by molecular motors, etc.

(A. M. Jayannavar, S. M. Bhattacharjee, G. Tripathy, A. Saha, S. Mandal, D. Chaudhuri)
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1. Maxwell’s Demon, Szilard Engine and

Landauer Principle

The second law of thermodynamics is
probabilistic in nature. Its formulation requires
that the state of a system be described by a
probability distribution. A natural question,
thereby, arises as to whether a prior knowledge
about the state of the system affects the second
law. This question has now been nurtured over a
century and its inception was done by C. Maxwell
through his famous thought experiment where
in comes the idea of Maxwell’s demon. The next
important step in this direction was provided by
L. Szilard who demonstrated a theoretical model
for an information engine incorporating
Maxwell’s demon. The final step that lead to the
inter-linkage between information theory and
thermodynamics was through Landauer’s
principle of information erasure that established
the fact that information is physical. Here we will
present an overview of these three major works
that laid the foundations of information

thermodynamics.
(P. S. Pal, A. M. Jayannavar)
2. A Brief history of magnetism

In this article an overview of the historical
development of the key ideas in the field of
magnetism is presented. The presentation is semi-
technical in nature. Starting by noting down
important contribution of Greeks, William
Gilbert, Coulomb, Poisson, Oersted, Ampere,
Faraday, Maxwell, and Pierre Curie, we review
early 20th century investigations by Paul
Langevin and Pierre Weiss. The Langevin theory

of paramagnetism and the Weiss theory of

ferromagnetism were partly successful and real

understanding of magnetism came with the
advent of quantum mechanics. Van Vleck was
the pioneer in applying quantum mechanics to
the problem of magnetism and we discuss his
main contributions: (1) his detailed quantum
statistical mechanical study of magnetism of real
gases; (2) his pointing out the importance of the
cristal fields or ligand fields in the magnetic
behavior of iron group salts (the ligand field
theory); and (3) his many contributions to the
elucidation of exchange interactions in d electron
metals. Next, the pioneering contributions (but
lesser known) of Dorfman are discussed. Then,
in chronological order, the key contributions of
Pauli, Heisenberg, and Landau are presented.
Finally, we discuss a modern topic of quantum

spin liquids.
(Navinder Singh, Arun M. Jayannavar)

3. The many avatars of Curzon-Ahlborn

efficiency

Efficiency at maximum power output of
irreversible heat engines has attracted a lot of
interest in recent years. We discuss the occurance
of a particularly simple and elegant formula for
this efficiency in various different models. The
so-called Curzon-Ahlborn efficiency is given by
the square-root formula: 1-V(Tc/Th), where Tc
and Th are the cold and hot reservoir

temperatures.
(Ramandeep S. Johal, Arun M. Jayannavar)

4. Storage of electrical energy: Batteries and

Supercapacitors

In this article we shall discuss the
development of electrical storage system. Since
the early days of electricity people have tried

various methods to store electricity. One of the
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earliest device was a simple electrostatic capacitor
that could store less than a micro Joule of energy.
The battery has been the most popular in storing
electricity as it has a higher energy density. We
will discuss the development of batteries and
their working principle. Although capacitors has
never been thought of as a practical device for
electricity storage, in the recent years there has
been tremendous progress in building capacitors
with huge capacitance and it may soon be
possible to use it as storage device. We shall
discuss the technological breakthroug in

supercapacitor as a storage device.
(Trilochan Bagarti, Arun M Jayannavar)

5. Weyl Semimetals: Down the Discovery of
Topological Phases

Recently discovered Weyl semimetals (a
semimetal is characterized with an electronic
band structure featuring faint connection
between conduction band and valence band) are
Dirac materials where the gapless Weyl nodes
carry with themselves well defined chiralities.
Their exhibition of Weyl fermions with
topological protection of these so-called magnetic
charges immediately turns out to be a head-
turning phenomenon due to the realization of
singularities in the Berry curvatures (treat them
as a kind of magnetic field for now) of the Bloch
bands. In this review, we undergo a concise
journey from graphene based Dirac physics to
Weyl semimetals: the underlying Hamiltonians,
their basic features and their unique response to
external electric and magnetic fields. We also
briefly outline the uniqueness of the Weyl
semimetals including possible applications in

recent condensed matter experiments.

(Satyaki Kar, Arun M Jayannavar)
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6. Current Trends in Quantum Optics

Here we review some of the recent
developments in Quantum Optics. After a brief
introduction to the historical development of the
subject, we discuss some of the modern aspects
of quantum optics including atom field
interactions, quantum state engineering,
metamaterials and plasmonics, optomechanical
systems, PT (Parity-Time) symmetry in quantum
optics as well as quasi-probability distributions
and quantum state tomography. Further, the
recent developments in topological photonics is
briefly discussed. The potent role of the subject
in the development of our understanding of
quantum physics and modern technologies is

brought out.
(Subhashish Banerjee, Arun Jayannavar)

7. The totally asymmetric simple exclusion
process along with particle adsorption and
evaporation kinetics is a model of boundary-
induced nonequilibrium phase transition. In the
continuum limit, the average particle density
across the system is described by a singular
differential equation involving multiple scales
which lead to the formation of boundary layers
(BL) or shocks. A renormalization group analysis
is developed here by using the location and the
width of the BL as the renormalization
parameters. It not only allows us to cure the large
distance divergences in the perturbative solution
for the BL but also generates, from the BL
solution, an analytical form for the global density
profile. The predicted scaling form is checked

against numerical solutions forfinite systems.

(S. M. Bhattacharjee, Sutapa Mukherji, CFTRI,
Muysore)




Research

Annual Report &
Audited Statement of Accounts

@

8. Another research work explores the use
of a cumulant method to determine the zeros of
partition functions for continuous phase
transitions. Unlike a first-order transition, with a
uniform density of zeros near the transition point,
a continuous transition is expected to show a
power law dependence of the density with a
nontrivial slope for the line of zeros. Different
types of models and methods of generating
cumulants are used as a testing ground for the
method. These include exactly solvable DNA
melting problem on hierarchical lattices,
heterogeneous DNA melting with randomness
in sequence, Monte Carlo simulations for the
well-known square lattice Ising model. The
method is applicable for closest zeros near the
imaginary axis, as these are needed for dynamical
quantum phase transitions. In all cases, the
method is found to provide the basic information
about the transition, and most importantly,

avoids root finding methods.
(S. M. Bhattacharjee, Debjyoti Majumdar)

9. Formation of topological vortices during

superfluid transition in a rotating vessel

Formation of topological defects during
symmetry breaking phase transitions via the
Kibble mechanism is extensively used in systems
ranging from condensed matter physics to the
early stages of the universe. Kibble mechanism
uses topological arguments and predicts equal
probabilities for the formation of defects and anti-
defects. Certain situations, however, require a net
bias in the production of defects (or anti defects)
during the transition, for example, superfluid
transition in a rotating vessel, or flux tubes

formation in a superconducting transition in the

presence of external magnetic field. In this paper

we present a modied Kibble mechanism for a
specific system, superfluid transition for ‘He,
which can produce the required bias of vortices
over antivortices. Our results make distinctive
predictions which can be tested in super fluid *He
experiments. These results have important
implications for super fluid phase transitions in
rotating neutron stars and also for any super fluid
phases of QCD arising in the non-central low

energy heavy-ion collision experiment.
(S.S. Dave and A. M. Srivastava)
10. Rheology of active colloids.

We study the steady state and dynamics of
soft active colloids. The rheological properties
of the system shown interesting time dependent
behavior. Through using computational tools we
try to understand the observed experimental data
of viscoelastic measurements made on solutions
of live bacteria. It is conjectured that the active
nature of the bacteria along with interaction with
polymers plays a role in determining the steady

state and dynamical behavior of such systems.
(G Tripathy and collaborators)

11. Driven conductance of an irradiated semi-

Dirac material

Transport properties of externally irradiated
Dirac materials is a modern area of research in
quantum condensed matter physics. In this
direction, we theoretically investigate the
electronic and transport properties of a semi-
Dirac material under the influence of an external
time-dependent periodic driving field
(irradiation) by means of Floquet theory. We
explore the inelastic scattering mechanism
between different sidebands, induced by

irradiation, by using the Floquet scattering matrix
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approach. The scattering probabilities between
the two nearest sidebands depend monotonically
on the strength of the amplitude of the irradiation.
The external irradiation induces a gap in the band
dispersion which is strongly dependent on the

angular orientation of momentum.

Although the high-frequency limit indicates
that the gap opening does not occur in an
irradiated semi-Dirac material, a careful analysis
of the full band structure beyond this limit reveals
that a gap opening indeed appears for higher
values of momentum (away from the Dirac
point). Furthermore, the angular-dependent
dynamical gap is also present and cannot be
captured within the high-frequency
approximation. The contrasting features of an
irradiated semi-Dirac material, in comparison
with irradiated graphene, can be probed via the
behavior of conductance. The latter exhibits the
appearance of nonzero conductance dips due to
the gap opening in the Floquet band spectrum.
Moreover, by considering a nanoribbon geometry
of such a material, we also show that it can host a
pair of edge modes which are fully decoupled
from the bulk, which is in contrast to the case of
a graphene nanoribbon where the edge modes
are coupled to the bulk. We also investigate
whether, if the nanoribbon of this material is
exposed to the external irradiation, decoupled
edge modes penetrate into the bulk features of
an irradiated semi-Dirac material, in comparison
with irradiated graphene, can be probed via the
behavior of conductance. The latter exhibits the
appearance of nonzero conductance dips due to
the gap opening in the Floquet band spectrum.
Moreover, by considering a nanoribbon geometry

of such a material, we also show that
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it can host a pair of edge modes which are
fully decoupled from the bulk, which is in
contrast to the case of a graphene nanoribbon
where the edge modes are coupled to the bulk.
We also investigate whether, if the nanoribbon
of this material is exposed to the external
irradiation, decoupled edge modes penetrate into
the bulk.

(S. K. Firoz Islam, Arijit Saha)

12. Probing the tilted Dirac cones via RKKY
exchange interaction in anisotropic Dirac

materials

In this work, we theoretically investigate the
indirect signatures of the tilted anisotropic Dirac
cones on Ruderman-Kittel-Kasuya-Yosida
(RKKY) exchange interaction in a two-
dimensional polymorph of boron atoms. Unlike
the case of isotropic non-tilted Dirac material-
graphene, here we observe that the tilting of the
Dirac cones exhibits a significant impact on the
RKKY exchange interaction in terms of the
suppression of oscillation frequency. The reason
can be attributed to the behavior of the Fermi level
and the corresponding density of states with
respect to the tilting parameter. The direct
measurement of the period of the RKKY
interaction can thus be a possible probe of the tilt
parameter associated with the tilted Dirac cones.
We also obtain the direction dependent analytical
expressions of the RKKY exchange interaction,
in terms of Meijer G-function. However, the
effects due to tilting of the Dirac cones on the
RKKY interaction depend on the spatial
alignments of the two magnetic impurities with

respect to the direction of tilting.

(Ganesh C. Paul, SK Firoz Islam, Arijit Saha)
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13. We investigate magnetic properties of
various MnO2 materials. The defect production
for quench dynamics is investigated for model
systems. Materials with hydrogen bonding is also
investigated. Topological properties of higher
dimensional model system is looked in.
Entanglement properties of superconducting

pairs are investigated.

Working on the properties of material H2SQ
concentrating on different phases at zero
temperature as well as finite temperature.
Investigating magnetic properties of alpha-
MnO2 material. Looking into topological
properties of extended Haldane model and Iron-

pnictides high temperature superconductivity.
(S. Mandal)
14. Active filaments:

Using theoretical modeling and numerical
simulations, we have studied morphological and
dynamical transitions of semiflexible bio-
polymers under the influence of the gliding assay
of molecular motors. The activity of such an assay
can be controlled, e.g., by changing the ambient
ATP concentration. Attached motor proteins
move along the filament to one of its ends with a
velocity that varies nonlinearly with the motor

protein extension. The motor proteins attach to

and detach from filament segments stochastically,
with a detachment rate that depends on the local
load experienced. The resultant force on the
filament drives it out of equilibrium. The distance
from equilibrium is reflected in the end-to- end
distribution, modified bending stiffness, and a
transition to spiral morphology of the polymer.
The local stress dependence of activity results
incorrelated fluctuations in the speed and
direction of the center of mass leading to a series
of ballistic-diffusive crossovers in its dynamics.
The work is being done in collaboration with
Abhishek Chaudhuri of IISER-Mohali. A part of
the results have been published recently in Phys.
Rev. E. (Phys. Rev. E. 99, 042405 (2019)).

(Dr. D. Chaudhuri)
15. Chromosomal organization in bacteria:

In this collaborative project we have been
working on with the aim of understanding
physical forces and mechanisms behind dynamic
and structured organization of chromosome in
bacteria, arguably the simplest form of living
cells. In the theoretical front, we have proposed
a polymer-based model of chromosome. Our
modeling approach is finding wide recognition.
We have been invited to contribute a chapter on
our modeling approach in the book on “bacterial
chromatin” in Springer protocol series. In a multi-
institutional and multi-continental collaboration,
we developed a simple structured-polymer
model from the available microscopic
information, and test our predictions against
observed properties of live bacteria. In particular,
our collaborators in the Netherlands and the USA
obtained detailed structural information of E.coli
found

chromosome. We spectacular

organizational behavior that could be described
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completely in terms of our polymer-based
modeling of chromosome taking care of the
cytosolic crowding in terms of an entropic
depletion interaction. The crowders compress the
chromosome to produce their signature helicoid
structure. In particular, we could successfully
predict the observed non-linear growth of
chromosomal size with cell length, central
positioning of chromosomes, and chromosomal
segregation in dividing cells in terms of protein
production around chromosomes following

transcription and translation.

Our theoretical modeling along with
experimental approach provided a solution to the
decades old problem of observed chromosomal
segregation in E.coli in absence of dedicated

machinery. A part of the simulations and analysis

performed by my PhD student Pinaki Swain of
IIT-Hyderabad has been published in Soft Matter,
15(12), 2677-2687 (2019). Another part of this
work, accompanied by experiments on live E.coli
done by our collaborators has been accepted for
publication in a highly respected biology journal,
Current Biology.

Along with another PhD student, Amit
Kumar, I have been performing a detailed

theoretical modeling and analysis on microscopic
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organization of chromosome considering
interaction between the DNA and associated
proteins. We have written a paper on a part of
this study, and the paper has been submitted for
publication (arXiv:1811.08172).

(Dr. D. Chaudhuri)
16. Active matter:

The third area of our current interest is
physics of active matter. In this we have taken a
two-pronged approach — (a) studying phase
behavior of new active material using particle
based model and simulations, (b) using field
theoretic approach to model large scale properties
and pattern formation. The studies of active
matter has two goals —identifying new emergent
properties which may help designing new smart
material, the other being understanding of
biologically relevant systems that potentially help
in the first goal, as well help us develop new
insight into natural phenomena. With my PhD
student, Amir Shee we have been studying a
coarse grained model of cytoskeleton using
hydrodynamic approach. This shows that in
presence of strain dependent turnover, the
cortical cytoskeleton may potentially show three
behaviors. It may remain homogeneous, may

sustain steady state patterns, most interestingly
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it as well show pulsatory propagation depending
on activity and turnover. Currently, we are
writing up parts of these studies for publication.
With a postdoctoral fellow working in my group,
Dr. Biplab Bhattacharjee, we have been studying
non-equilibrium phase transitions in active polar
particles aligning in a nematic way. The system
shows a continuous transition between isotropic
and nematic fluid, and a first order phase
separation between nematic fluid and hexatic
clusters with change in aligning strength and
activity. We are writing up an article

summarizing a part of the findings in this project.
(Dr. D. Chaudhuri)
17. Phase transition in soft and driven matter:

In this project, we have been studying
structural transitions in driven colloids. We
considered a sterically stabilized colloidal solid
under flashing ratchet potential driving directed

current through the system. With changing

frequency of stochastic ratcheting, we found a

resonance in the directed current produced at the
many-body relaxation frequency, which in turn
is controlled by the ambient density of particles.
Near the resonance frequency the solid melts into
hexatic, showing phase separationcharacteristic
of a first order transition. We obtained the full
phase diagram in the frequency-density plane.
The generation of current carrying channels leads
to this defect (disclination) — mediated melting.
This work in this project is being carried out in
Collaboration Dipanjan Chakraborty of IISER- -
Mohali.

(Dr. D. Chaudhuri)
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3.1. Papers Published in Refereed Journals

1.

Stochastic Heat Engine Powered By Active Dissipation.
Saha, Arnab, Marathe, Rahul; Pal, P.,S.,and Jayannavar, A. M.
J. Stat. Mech. (2018)113203.

Global Density Profile For Particle Non-Conserving One Dimensional Transport From
Renormalization Group Flows

SutapaMukherji and S. M. Bhattacharjee, Scientific Reports volume 9, Article number:
5697(2019)

Pulsars as Weber gravitational wave detectors”,
Arpan Das,Shreyansh S. Dave, OindrilaGangulyandAjit M. Srivastava
ArXiv:1804.00453, Phys. Lett. B 791 (2019) 167.

Formation of Anisotropic Nanostructures on Rutile TiO2(110) Surfaces and Their Photo-
Absorption Properties,

Vanaraj Solanki, Shalik R. Joshi, Indrani Mishra, D. Kanjilal and Shikha Varma,
Metallurgical and Materials Transactions 49A (2018) 3117.

Investigation of Optical, Electrical and Magnetic Properties of hexagonal
NiTiO3Nanoparticles Prepared via Ultrasonic Dispersion Techniques for high power
applications,

SubrataKaramkar, Ashis Manna, Shikha Varma, and D. Behera,
Material Research Express 5 (2018) 055037.

Investigation of structural and electrical transport properties of Nano-flower shapedNiCo204
supercapacitor electrode materials,

SubrataKaramkar, Ashis Manna, ShikhaVarma, and D. Behera,
Journal of Alloys and Compounds 757 (2018) 49.

Topographic Evolution and Scaling Study of ZnO (0001) Single Crystal After Low-Energy
Atom Beam Irradiation,

Vanaraj Solanki, D. Kabiraj, D. K. Avasthi, ShikhaVarma,
Nucl. Instru. Meth. B 434 (2018) 56.

Anisotropic super-paramagnetism in cobalt implanted rutile-TiO2 single Crystals,
S. R. Joshi, B. Padmanabhan, A. Chanda, N. Shukla, V.K. Malik, D. Kanjilal,
and ShikhaVarma, Jour. of Magnetism and Magnetic Materials 465 (2018) 122.

A Study on Optical and Dielectric Properties of Ni-ZnOnanocomposite,
S. Karamankar, B. Panda, B. Saho, K. L. Routray, S.Varma, D. Behera,
Materials Science in Semconductor Processing 88 (2018) 198.
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11.

12.

13.

14.

15.

16.

17.

64

oo,

Publications

The effect of Ti+ ion implantation on the Anatase- Rutile Phase Transformation andResistive
Switching properties of TiO2 thin films

Ashis Manna, A. Barman, ShalikR.Joshi, B. Satpati, P. Dash, AnanyaChattaraj, S.K. Srivastava,
P.K.Sahoo, A. Kanjilal,D. Kanjilal and Shikha Varma,

Jour. Appl. Physics 124 (2018) 155303.

Electronic structure of Pr2MnNiO6 from x-ray photoemission, absorption and
densityfunctional theory,

B. Padmanabhan, Shalik Joshi; Yadav, Ruchika Yadav, Frank deGroot, Amit Singh, Ray,
AvijeetRay, Mukul Gupta, Ankita Singh Maurya, SatyendraMaurya, Suja Elizabeth, Shikha
Varma, TulikaMaitra, and Vivek K. Malik,

Journal ofPhysics condensed Matter 30 (2018) 435603.

Investigation on Structural, Morphological and Optical Properties of Co-doped ZnOThin
Films,

Prashant Shukla, Shristi Tiwari, Shalik Ram Joshi, V. R. Akshya, M.Vasundhara, Shikha
Varma, Jai Singh and AnupamaChanda, Physica B 550 (2018)303.

Distinguishing different classes of entanglement of three-qubit pure states in an
experimentally implementable way,

SatyabrataAdhikari, ChandanDatta, Arpan Das, and PankajAgrawal,
Eur. Phys. J. D (2018) 72:157.

Coherence of quantum channels,
ChandanDatta, SkSazim, ArunPati and PankajAgrawal,
Annals of Phys 397 (2018) 243.

Probing the Type-II Seesaw Mechanism through the Production of Higgs Bosons at a
Lepton Collider,

Pankaj Agrawal, ManimalaMitra, SaurabhNiyogi, SujayShil, andMichael Spannowsky,
Phys Rev D 98, 015024 (2018).

Two-qubit mixed states and teleportation fidelity: Purity, concurrence, and beyond,
Sumit Nandi, ChandanDatta, Arpan Das,and Pankaj Agrawal,
Eur. Phys. J. D (2018) 72:182.

Mutual Uncertainty, Conditional Uncertainty and Strong Sub-Additivity,
SkSazim, SatyabrataAdhikari, ArunPati and Pankaj Agrawal,
Phys Rev A 98, 032123 (2018).
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18.

19.

20.

21.

2200

23.

24.

25.

26.

Optical Band Gap, Local Work Function and Field Emission Properties of MBE Grown a-
MoO3 Nanoribbons

P. Maiti, P. Guha, R.Singh, ]J.K. Dash, and P.V. Satyam
Applied Surface Science 476 (2019) 691- 700

Microscopy and Spectroscopy Study of Nano structural Phase Transformation from a-
MoO3 to Mo under UHV-MBE Conditions

P. Maiti, P. Guha, H. Hussain, R. Singh, C. Nicklin, and P.V. Satyam
Surface Science 682 (2019) 64 - 74

In Situ/ex Situ Investigations on the Formation of the Mosaic Solid Electrolyte Interface
Layer on Graphite Anode for Lithium-Ion Batteries

V.R. Rikka, S.R. Sahu, A. Chatterjee, P.V. Satyam, R. Prakash, M.S.R. Rao, and et al...
The Journal of Physical Chemistry C 122 (2018), 28717-28726

P-type a-Mo0O2 nanostructures on n-Si by hydrogenation process: synthesis and application
towards self-biased UV-visible photo-detection

P. Guha, A. Ghosh, A. Sarkar, S. Mandal, S.K. Ray, D.K. Goswami, and P.V. Satyam
Nanotechnology 30 (2018), 035204

Morphology Effect on SERS Activity of Embedded Silver Nanostructures
R. R. Juluri, S. Ravulapalli, S. Vadavalli, and P. V. Satyam,
Physica Status Solidi A 215 (2018) 1800533

Low-energy ion beam synthesis of Ag endotaxial nanostructures in silicon
KiranNagarajappa, et al... and P. V. Satyam,
Appl. Phys. A 124, 402 (2018)

Understanding self-ion damage in FCC Ni-Cr-Fe based alloy using X-ray diffraction
techniques

R. Halder Banerjee et al... and P. V. Satyam,
Journal of Nuclear Materials 501, 82 (2018)

Facile Synthesis of Semiconducting Ultrathin Layer of Molybdenum Disulfide
S. K. Jha et al. P. V. Satyam,
Journal of nanoscience and nanotechnology 18, 614 (2018)

As-pyrolyzed sugarcane bagasse possessing exotic field emission properties
Lucky Krishnia et al... and P. V. Satyam,
Appl. Surf. Sci. 443, 184 (2018)
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28.

29.

30.
31.
32.
33.
34.

35.

66

oo,

Publications

GW170817: constraining the nuclear matter equation of state from the neutron star tidal
deformability,

Tuhin Malik, N. Alam, M. Fortin, C. Providencia, B. K. Agrawal, and T. K. Jha,
Bharat Kumar and S. K. Patra
Phys. Rev. C98 (2018) 035804.

Nuclear Structure and Decay Modes of Ra Isotopes Within an Axially Deformed
Relativistic Mean Field Model,

Rashmirekha Swain, S. K. Patra and B. B. Sahu (accepted in Chinese Physics C).

Study of hot thermally _ssile nuclei using relativistic mean field theory,
Abdul Quddus, K. C.Naik and S. K. Patra
J. Phys. G45 (2018) 075102.

New relativistic effective interaction for finite nuclei, infinite nuclear matter, and
neutronstars,

Bharat Kumar, S. K. Patra and B. K. Agrawal,
Phys. Rev. C97 (2018) 045806.

E_ect of Deformation on Structure and Reaction of Al Isotopes using Relativistic Mean
FieldDensities in Glauber Model,

R. N. Panda, M. Panigrahi, Mahesh K. Sharma and S. K. Patra,
Indian J. of Physics 81 (2018) 417.

Proton emission from the drip-line nuclei I-Bi using WKB approximation with relativistic
mean field densities,

T. Sahoo, R. N. Panda and S. K. Patra,
Chinese Physics C42 (2019) 044102.

Infinite nuclear matter characteristics of the finite nuclei within relativistic mean field
formalism,

M. Bhuyan, S. K. Patra and B. V. Carlson,
AstronomischeNachrichten 340 (2019)194.

“Revealing multimode resistive switching in Cu-O nanostructures using conductive
atomic force microscopy”

M.Kumar, B. Satpati, and TapobrataSom,
Applied Surface Science 454 (2018) 82.

“Colossal broad band antireflection from conformally grown Cu,0 on pyramidally
textured Si and its photovoltaic applications”

M. Kumar, B. Satpati, A. Singh, and TapobrataSom
Solar RRL 2 (2018), 1700216.
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36.

37.

38.

39.

40.

41.

42.

43.

44.

“Broadband antireflection property of conformally grown zinc tin oxide thin films on
nano rippled- and nanofaceted-Si substrates”

M.Saini, R. Singh, S.K. Srivastava and TapobrataSom,
Journal of Physics D: Applied Physics51 (2018) 275305.

“Temporal evolution on SiO, surface under low energy Ar*-ion bombardment: Role of
sputtering, mass distribution and shadowing”

M. Kumar, D. P. Dutta, Tanmoy Basu, S. K. Garg, H. Hofsdss, and TapobrataSom,
Journal of Physics: Condensed Matter 30 (2018) 334001.

“A Fast and facile deposition of PTFE based superhydrophobic and ultra-wideband angle
insensitive anti-reflection coatings”

Rajnarayan De, |, S. Misal, D. D. Shinde, S. R. Polaki, Ranveer Singh, TapobrataSom, N. K.
Sahoo, and K. Divakar Rao,

Physica Status Solidi (RRL) 12 (2018) 1870320.

“White light-driven photo response of TiO, thin films: Influence of substrate texturing”
R. Singh, M. Kumar, M. Saini, B. Satpati, and TapobrataSom,
Solar Energy 174 (2018) 231-239.

“Thermal annealing induced strong photoluminescence enhancement in Ag-
TiO,plasmonic nanocomposite thin films”

J. Singh, K. Sahu, R. Singh, TapobrataSom, R. K. Kotnala, and S. Mohapatra,
Journal of Alloys and Compounds 786 (2019) 750.

Calculating charged particle observables using modified Wood Saxon model in HIJING for
U+U collisions at 193 GeV;

S. K. Tripathy, M. Younus, Z. Naik and P. K. Sahu;
Nuclear Physics A 980, 81-90 (2018);

Ethernet based Data logger for Gaseous Detectors;
S. Swain, P. K. Sahu and S. K. Sahu;
Journal of Instrumentation (JINST), 13 (2018) T05002.

Evidence for exchange bias coupling at the perovskite/brownmillerite interface in
spontaneously stabilized bilayers,

BC Behera, Subhadip Jana, Shwetha G Bhat, N Gauquelin, G Tripathy, PS Anil Kumar, and
D. Samal,

Phys. Rev. B 99, 024425 (2019)

Room Temperature Growth of CH NH PbCI, Single Crystals by Solvent Evaporation
Method,

Pronoy Nandi, ChandanGiri, Diptikanta Swain, U. Manju and Dinesh Topwal
CrystEngComm, 21 (2019) 656
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45.

46.
47.
48.
49.

50.

51.

528

588

68

oo,

Publications

Self-immobilized Pd nanowires as an excellent platform for a continuous flow reactor:
efficiency, stability and regeneration,

Lipipuspa Sahoo, MoumitaRana, SanjitMondal, Neeru Mittal, Pronoy Nandi, A. Gloskovskii,
U. Manju, D. Topwal and Ujjal K. Gautam

Nanoscale, 10 (2018) 21396

Temperature Dependent Photo-induced reversible Phase Separation in Mixed Halide
Perovskite,

P. Nandi, ChandanGiri, D. Swain, U. Manju, SD. Mahanti, D. Topwal
ACS Appl. Energy Mater., 1 (2018), 3807

GdCrO,: a potential candidate for low temperature magnetic refrigeration,
S. Mahana, U. Manju,and D. Topwal
Journal of Physics D: Applied Physics, 51 (2018) 305002

Angle dependent localized surface plasmon resonance from near surface implanted silver
nanoparticles in SiO, thin film,

R.K. Bommali, D.P. Mahapatra, H. Gupta, PuspenduGuha, D. Topwal, G. Vijaya Prakash, S.
Ghosh, and P. Srivastava

Journal of Applied Physics, 124 (2018) 063107

Role of local structural distortion in driving ferroelectricity in GdCrO,,
S. Mahana, U. Manju, P. Nandi, E. Welter, K.R. Priolkar, and D. Topwal
Phys. Rev. B, 97 (2018) 224107

Tetramer Orbital-Ordering induced Lattice-Chirality in Ferrimagnetic, Polar MnTi20,

A. Rahaman, M. Chakraborty, T. Paramanik, R. K. Maurya, S. Mahana, R. Bindu, D.
Topwal, P. Mahadevan, and D. Choudhury

Cond-mat. ArXiv:1904.01792

A Universe’s Worth of Electrons to Probe Long-Range Interactions of High-Energy
Astrophysical Neutrinos

Mauricio Bustamante, and Sanjib Kumar Agarwalla
Phys.Rev.Lett. 122 (2019) no.6, 061103
[Selected as PRL Editors” Suggestion and featured in APS Physics]

Same-sign Multilepton Signatures of an SU(2)R Quintuplet at the LHC
Sanjib Kumar Agarwalla, Kirtiman Ghosh, Nilanjana Kumar, and Ayon Patra
JHEP 1901 (2019) 080

Active-sterile neutrino oscillations at INO-ICAL over a wide mass-squared Range
TarakThakore, Moon Moon Devi, Sanjib Kumar Agarwalla, and AmolDighe
JHEP 1808 (2018) 022
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54.

55.

56.

57.

58.
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60.

61.

62.

63.

Sub-TeV Quintuplet Minimal Dark Matter with Left-Right Symmetry
Sanjib Kumar Agarwalla, Kirtiman Ghosh, and AyonPatra
JHEP 1805 (2018) 123

Signatures of a Light Sterile Neutrino in T2HK
Sanjib Kumar Agarwalla, SabyaSachi Chatterjee, and Antonio Palazzo
JHEP 1804 (2018) 091

Can INO be Sensitive to Flavor-Dependent Long-Range Forces?
Amina Khatun, TarakThakore,and Sanjib Kumar Agarwalla
JHEP 1804 (2018) 023

“Driven conductance of an irradiated semi-Dirac material”
SK Firoz Islam and ArijitSaha
Phys. Rev. B 98, 235424 (2018)

“Fingerprints of tilted Dirac cones on the RKKY exchange interaction in 8-Pmmn
Borophene”

Ganesh C. Paul, SK Firoz Islam and ArijitSaha
Phys. Rev. B 99, 155418 (2019)

Classical mean-field, spin-wave, and perturbative continuous unitary transformation
analyses of the squaric acid system H2SQ

VikasVijigiri and Saptarshi Mandal
Phys. Rev. B 98, 224425 (2018)

Quantum theory of spin waves for helical ground states in a hollandite lattice
AtanuMaity and Saptarshi Mandal
Journal of Physics: Condensed Matter, Volume 30, Number 48

Enhanced ultraviolet emission from self-assembled ZnOnanorods grown on graphene
S. K. Das, G. K. Pradhan, A. Singh, P.K. Sahoo, and S. Sahoo

Journal of Applied Physics 124 (23), 235302, 2018. (Featured article in teh journal of Applied
Physics.)

Performance of reconstruction and identification of tau leptons decayingto hadrons and
neutrino in pp collisions at sqrt(s) = 13 TeV,

The CMS Collaboration,
JINST 13 (2018) P10005; arXiv:1809.02816 [hep-ex].ArunNayak

Morphological and dynamical properties of semi flexible filaments driven by molecular
motors.

Gupta, N., Chaudhuri, A., & Chaudhuri, D. (2019).
Physical Review E, 99(4), 042405.
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64.

65.
66.
67.

68.
69.
70.

71.

72.

73.

70

oo,

Publications

Confinement and crowding control the morphology and dynamics of a model bacterial
chromosome.

Swain, P., Mulder, B. M., & Chaudhuri, D. (2019).
Soft Matter, 15(12), 2677-2687.

Conformal structure of massless scalar amplitudes beyond tree level:
Authors: N.banerjee, S.Banerjee, S.Bhatkar, and S.Jain
JHEP 1804 (2018) 039

Null infinity and unitary representation of the Poincare group:
Authors: Shamik Banerjee
JHEP 1901 (2019) 205

The effect of Sn intercalation on the superconducting properties of 2H-NbSe2
S. Naik, G. K Pradhan, S. G. Bhat, B C Behera, PS Anil Kumar, S. L.Samal, and D.Samal,
Physica C: Superconductivity and its Applications, 561, 18 (2019)

Facile Synthesis and Visible Light Photocatalytic Activity of Sn1 xMnxS (0 d” x d” 0.20)
Nanocrystals

ChandiniBehera, D.Samal, Shwetha G Bhat, PS Anil Kumar, and Saroj L Samal,
Chemistry Select 3, 12645 (2018)

Orthorhombic vs. hexagonal epitaxial SrIrO3 thin films: Structural stability and related
electrical transport properties

Shwetha G Bhat, N Gauquelin, Nirmal K Sebastian, AnomitraSil, A Béché, ] Verbeeck, D
Samal, and PS Anil Kumar,

EPL 122, 28003 (2018) (Editor’s choice and highlights of 2018 in EPL)

Band gap engineering in SnO2 by Pb doping
S N Sarangi, Gopal K Pradhan, and D Samal,
Journal of Alloys and Compounds,762,16 (2018)

Effects of CNTs blending on the superconducting parameters of YBCO superconductor
Bibekananda Sahoo, SR Mohapatra, AK Singh, D.Samal, and D.Behera,
Ceramics International45 , 7709 (2019)

Effect of artificial pinning centers on YBCO high temperature superconductor through
substitution of graphenenano-platelets

Bibekananda Sahoo, Krutika L Routray, D Samal, and D Behera,
Materials Chemistry and Physics 223, 784 (2019)

Same-sign trilepton signal for stop quark in the presence of sneutrino dark matter
M.Mitra
ArXiv:1807.07385, Phys.Rev. D99 (2019) no.7, 075014
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74.

75.

76.

77.

78.

Probing leptoquarks and heavy neutrinos at the LHeC,
M. Mitra

Phys.Rev. D98 (2018) no.9, 095004,

ArXiv:1807.06455

Neutrino and Collider Implications of a Left-Right Extended Zee Model,
Phys.Rev. D98 (2018).

M.Mitra

No.11, 115038, arXiv:1805.09844

Long-lived Heavy Neutrinos from Higgs Decays
M. Mitra

JHEP 1808 (2018) 181,

arXiv:1804.04075

Probing nonstandard neutrino interactions at the LHC Run II
By Debajyoti Choudhury, Kirtiman Ghosh, and SaurabhNiyogi.
10.1016/j.physletb.2018.07.053.
Phys.Lett. B784 (2018) 248-254.

Universal Extra Dimension models with gravity mediated decays after LHC Run II data
By Kirtiman Ghosh, DurmusKarabacak, and S. Nandi.

arXiv:1805.11124 [hep-ph].

10.1016/j.physletb.2018.11.035.

Phys.Lett. B788 (2019) 388-395.

ALICE Publication:

ALICE Publication: (S.Acharya, et al., .. P. K. Sahu, ...et al...) (ALICE collaboration)

Centrality and pseudo rapidity dependence of the charged-particle multiplicity density
in Xe-Xe collisions at 5.44 TeV;

Phys. Lett. B 790 (2019) 35-48

Event-shape engineering for the D-meson elliptic flow in mid-central Pb-Pb collisions at
5.02 TeV;

ArXiv 1809.09371 (2019)

Azimuthal anisotropy of heavy-flavor decay electrons in p-Pb collisions at 5.02 TeV;
Phys. Rev. Lett. 122, 072301 (2019)

Measurement of dielectron production in central Pb-Pb collisions at 2.76 TeV;
Phys. Rev. C 99, 024002 (2019)
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P-P, P-A and A-A correlations studied via femtoscopy in pp reactions at 7 TeV;
Phys. Rev. C 99, 024001 (2019)

Multiplicity dependence of light-flavor hadron production in pp collisions at 7 TeV;
Phys. Rev. C 99, 024906 (2019)

Suppression of E(1520)resonance production in central Pb-Pb collisions at 2.76 TeV;
Phys. Rev. C 99, 024905 (2019)

Dielectron and heavy-quark production in inelastic and high-multiplicity proton-proton
collisions at 13 TeV;

Phys. Lett. B 788 (2019) 505

Direct photon production at low transverse momentum in proton-proton collisions at 2.76
and 8 TeV;

Phys. Rev. C 99, 024912 (2019)

Study of J/0 azimuthal anisotropy at forward rapidity in Pb-Pb collisions at 5.02 TeV;
JHEP 1902 (2019) 012

Charged jet cross section and fragmentation in proton-proton collisions at 7 TeV;
Phys. Rev. D 99, 012016 (2019)

Direct photon elliptic flow in Pb-Pb collisions at 2.76 TeV;
Phys. Lett. B 789 (2019) 308

Y suppression at forward rapidity in Pb-Pb collisions at 5.02 TeV;
Phys. Lett. B 790 (2019) 89

Measuring K0S K=+ interactions using pp collisions at s”=7 TeV;
Phys. Lett. B 790 (2019) 22

Transverse momentum spectra and nuclear modification factors of charged particles in
Xe-Xe collisions at 5.44 TeV;

Phys. Lett. B 788 (2019) 166-179

Transverse momentum spectra and nuclear modification factors of charged particles in
pp, p-Pb and Pb-Pb collisions at the LHC;

JHEP 1811 (2018) 013

Medium modification of the shape of small-radius jets in central Pb-Pb collisions at
2.76TeV;

JHEP 10 (2018) 139
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20.
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23.

24.

25.

26.

27

28.

29.

30.

Neutral pion and ¢ meson production at mid-rapidity in Pb-Pb collisions at 2.76 TeV;
Phys. Rev. C 98, 044901 (2018)

Dielectron production in proton-proton collisions at 7 TeV;
JHEP 1809 (2018) 064

Azimuthally-differential pion femtoscopy relative to the third harmonic event plane in
Pb-Pb collisions at 2.76 TeV;

Phys. Lett. B 785 (2018) 320

Anisotropic flow of identified particles in Pb-Pb collisions at 5.02 TeV;
JHEPO09 (2018) 006

Inclusive J/o production in Xe-Xe collisions at 5.44 TeV;
Phys. Lett. B 785 (2018) 419-428

Neutral pion and ¢ meson production in p-Pb collisions at 5.02 TeV;
Eur. Phys .J. C78 (2018) 624

Anisotropic flow in Xe-Xe collisions at 5.44 TeV;
Phys. Lett. B784 (2018) 82

Inclusive J/e production at forward and backward rapidity in p-Pb collisions at 8.16
TeV;

JHEP 07 (2018) 160

Energy dependence and fluctuations of anisotropic flow in Pb-Pb collisions at 5.02 and
2.76 TeV;

JHEP 07 (2018) 103

¢ meson production at forward rapidity in Pb-Pb collisions at 2.76 TeV;
Eur. Phys. J. C 78 (2018) 559

Measurement of the inclusive J/e polarization at forward rapidity in pp collisions at 8
TeV;

Eur. Phys. J. C 78 (2018) 562

Constraints on jet quenching in p-Pb collisions at 5.02 TeV measured by the event-activity
dependence of semi-inclusive hadron-jet distributions;

Phys. Lett. B 783 (2018) 95-113

Prompt and non-prompt J/e production and nuclear modification at mid-rapidity in p-Pb
collisions at 5.02 TeV;

Eur. Phys. J. C 78 (2018) 466
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E+c production in pp collisions at 7 TeV and in p-Pb collisions at 5.02 TeV;
JHEP 04 (2018) 108

First measurement of i0c production in pp collisions at 7 TeV;
Phys. Lett. B 781 (2018) 8-19

Longitudinal asymmetry and its effect on pseudorapidity distributions in Pb-Pb collisions
at 2.76 TeV;

Phys. Lett. B 781 (2018) 20-32

STAR Publication: J. Adam, et al... P. K. Sahu. et al. (STAR Collaboration)

Low pTe+e- Pair Production in Au+Au Collisions at 200 GeV and U+U Collisions at 193
GeV at STAR;

Phys. Rev. Lett. 121 (2018) 132301

Harmonic decomposition of three-particle azimuthal correlations at RHIC;
Phys. Rev. C 98 (2018) 34918

Collision Energy Dependence of Moments of Net-Kaon Multiplicity Distributions at RHIC;
Phys. Lett. B 785 (2018) 551

J/psi production cross section and its dependence on charged-particle multiplicity in p+p
collisions at 200 GeV;

Phys. Lett. B 786 (2018) 87

Erratum: Observation of D0 meson nuclear modifications in Au+Au collisions at 200
GeV;

Phys. Rev. Lett. 121 (2018) 229901

Transverse spin transfer to Lambda and anti-Lambda hyperons in polarized proton-proton
collisions at 200 GeV;

Phys. Rev. D 98 (2018) 91103

Improved measurement of the longitudinal spin transfer to Lambda and Anti-Lambda
hyperons in polarized proton-proton collisions at 200 GeV;

Phys. Rev. D 98 (2018) 112009

Constraining the initial conditions and temperature dependent transport with three-
particle correlations in Au+Au collisions;

Phys. Lett. B 790 (2019) 81

The Proton-Omega correlation function in Au+Au collisions at 200 GeV;
Phys. Lett. B 790 (2019) 490

Institute of Physics




- Annual Report &
Publications Audited Statement of Accounts

10. Measurement of the longitudinal spin asymmetries for weak boson production in proton-
proton collisions at 510 GeV;
Phys. Rev. D 99 (2019) 51102

11. Centrality and transverse momentum dependence of D0-meson production at mid-rapidity
in Au+Au collisions at 200 GeV;
Phys. Rev. C 99 (2019) 34908

12. Measurement of hyper triton lifetime in Au+Au collisions at the Relativistic Heavy-Ion
Collider;
Phys. Rev. C 97 (2018) 54909

13. MWPC prototyping and performance test for the STAR inner TPC upgrade; Nucl. Instrum.
Meth.
A 896 (2018) 90

14. Beam Energy Dependence of Jet-Quenching Effects in Au+Au Collisions at 7.7, 11.5,
14.5, 19.6, 27, 39, and 62.4 GeV;
Phys. Rev. Lett. 121 (2018) 32301

15. Global polarization of Lambda hyperons in Au+Au collisions at 200 GeV;
Phys. Rev. C 98 (2018) 14910

16. Azimuthal anisotropy in Cu+Au collisions at 200 GeV;
Phys. Rev. C 98 (2018) 14915

17. Correlation Measurements between Flow Harmonics in Au+Au Collisions at RHIC; Phys.
Lett. B 783 (2018) 459

18. Longitudinal Double-Spin Asymmetries for Dijet Production at Intermediate
Pseudorapidity in Polarized pp Collisions at 200 GeV;
Phys. Rev. D 98 (2018) 32011

19. Longitudinal double-spin asymmetries for pi0s in the forward direction for 510 GeV
polarized pp collisions;
Phys. Rev. D 98 (2018) 32013

20. Beam energy dependence of rapidity-even dipolar flow in Au+Au collisions;
Phys. Lett. B 784 (2018) 26

21. The evolution of the STAR Trigger System;Nucl. Instrum. Meth.
A 902 (2018) 228

3.2. Papers Communicated / Submitted to National/International Refereed Journals

1. Maxwell’s Demon, Szilard Engine and Landauer Principle.
Pal, P. S.; and Jayannavar, A. M.
ArXiv:1904.05256.

2. A Brief history of magnetism.
Singh, Navinder; and Jayannavar, A. M.
ArXiv: 1903.07031.
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The many avatars of Curzon-Ahlborn efficiency.
Johal, Ramandeep S.; and Jayannavar, A. M.
ArXiv:1903.04381.

Storage of electrical energy: Batteries and Supercapacitors.
Bagarti, Trilochan; and Jayannavar, A.M.
ArXiv:1903.03740.

Weyl Semimetals: Down the Discovery of Topological Phases.
Kar, Satyaki; and Jayannavar, A.
M. ArXiv:1902.01620.

Current Trends in Quantum Optics. Banerjee,
Subhashish; and Jayannavar, A. M.
ArXiv:1902.08576

“Cumulants, Zeros, and Continuous Phase Transition”,
DebjyotiMajumdar and S. M. Bhattacharjee,
ArXiv: 1903.11403

Formation of topological vortices during superuid transition in a rotating vessel”,
Shreyansh S. Dave, and Ajit M. Srivastava,

ArXiv: 1805.09377 (Accepted for publication in Europhysics Letters).

Synthesis and characterization of aligned ZnOnanorods for visible light photocatalysis,
P. Dash, A. Manna, N.C. Mishra, Shikha Varma, and Physica E:

Low-dimensional Systemsand Nanostructures (in press).

Minimal Scenario Facet Bell inequalities for multi-qubit states,
Arpan Das, ChandanDatta, and Pankaj Agrawal,
ArXiv preprint arXiv:1809.05727.

Resource state structure for cooperative quantum key distribution
Arpan Das, Sumit Nandi, SkSazim, and Pankaj Agrawal,
ArXiv preprint arXiv:1903.10163.

Observation of Dirac like surface state bands in the Weak Topological Insulator BiSe.
H. Lohani, K. Majhi, S. C. Gonzalez, G. D. santo, L. Petaccia, P.S. Anil Kumar and

B. R. Sekhar
Under communication Phys. Rev. B.

Band Structure of the Topological Insulator Bi,— Cu Se..
K. Majhi, H. Lohani, S. C. Gonzalez, G. D. santo, L. Petaccia, P. S. Anil Kumar and

B. R. Sekhar.
Under communication Phys. Rev. B.
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16.

17.

18.

19.

20.

21.

2200

Field-independent features in the magnetization and specific heat of Sm3Co04Ge13
Harikrishnan Nair, Ramesh Kumar R, BaidyanathSahu, SindisiweXhakaza,

Pramita Mishra, DebkantaSamal, Sarit Ghosh, and Biju Raja Sekhar

Andre Strydom. Under consideration in Crystals, 2019

Growth of Molybdenum Trioxide Nanoribbons on Oriented Ag and Au Nanostructures:
A Scanning Electron Microscopy (SEM) Study

P. Maiti, A. Mitra, R. R. Juluri, A. Rath, and P. V. Satyam
Microscopy and Microanalysis (2019) (under review)

A note on Quantum Fields in Conformally at Space-times
Swayam-sidha Mishra, SudiptaMukherji, and Yogesh K. Srivastava,
ArXiv: 1810.09677,

Submitted for publication

Time dependent backgrounds and Ads/CFT: Radiation dominate
Universe, with
S. Mishra, Y. Srivastava (NISER)and SudiptaMukherji

Temperature dependent study of neutron-rich thermally fissile *4***Th and ******U nuclei
within E-TRMF model

Abdul Quddus, K. C. Naik, R. N. Panda and S. K. Patra,
Nucl. Phys. A (2019) in press.

Temperature dependent symmetry energy of neutron rich thermally fissile nuclei
Abdul Quddus, M. Bhuyan, Shakeb Ahmad, B. V. Carlson and S. K. Patra,
Phys. Rev. C (2019) in press.

“Experimental and simulation studies on temporal evolution of chemically etched Si
surface: Tunable light trapping and cold cathode electron emission properties”

R. Singh, S. A. Mollick, M. Kumar, M. Saini, P. Guha, and TapobrataSom,

Journal of Applied Physics.

“Influence of grain size on local work function and optoelectronic properties of
n-ZTO/p-Siheterostructures”

Ranveer Singh, Alapan Dutta, Pronoy Nandi, Sanjeev K Srivastava, TapobrataSom,
Applied Surface Science.

“Growth angle-dependent evolution of morphology and magnetic properties of Co films
on highly ordered self-organized Ge substrates”

SafiulAlamMollick, Ranveer Singh, BiswarupSatpati, Satyaranjan Bhattacharyya, and
TapobrataSom, Applied Surface Science.
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30.

31.

32.

78

oo,

Publications

“Optical, photoctalytic and wetting behavior of GLAD N,-TiO, films”

Rajnarayan De, S. MaidulHaque, J. S. Misal, D. D. Shinde, C. Prathap, S.R. Polaki, Ranveer
Singh, TapobrataSom, and K. Divakar Rao,

Physica Status Solidi (a).

“Tunable optoelectronic properties of radio frequency sputter deposited Sb_Se, thin films:
Role of growth angle and thickness”
Alapan Dutta, Ranveer Singh, Sanjeev K Srivastava, andTapobrataSom,

Solar Energy.

Application of Nilsson model for deformed nucleus in relativistic heavy ion collisions;
S. K. Tripathy, M. Younus, P. K. Sahu and Z. Naik;
ArXiv:1802.00639 (2018) submitted to Journal.

Study of the GEM detectors with proton induced X-ray radiation of different energy
Below 10 keV; submitted to Journal

P. K. Sahu, S. Swain, S. Sahu, A. Tripathy and B. Mallick; (2019),

Study of ion Backflow fraction for GEM based detector Submitted to Journal

S. Swain, P. K. Sahu, S. Sahu and A. Tripathy; (2019)

Role of orientational ordering of A site cation in electronic structure of hybrid perovskite
J. Phys. Chem. Let.D.Topwal

Effect of substrate and surface morphologies on the electronic states of stepped films.
Phys. Rev. B, .D.Topwal

Synthesis of Fe, Co Si cubic B20 structure by dual implantation of 50 keV Fe and Co in
Si under an external magnetic field.

J. App. Phy., .D.Topwal

Defect production and quench dynamics in three-dimensional Kitaev model
Authors: DibyenduRana, Subhajit Sarkar, and Saptarshi Mandal
ArXiv:1812.09923

Submitted in Phys. Rev. B

The CMS Collaboration, Measurement of the associated production of a Higgs boson
with a top quark pair in final states with electrons, muons and hadronically decaying tau
leptons in data recorded in 2017 at sqrt(s)= 13 TeV, CMS-PAS-HIG-18-019.

A.K.Nayak
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35.
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37.

38.

39.

40.

41.

42.

43.

3.3.

Cell boundary confinement sets the size and position of the E.col chromosome”,
F. Wu, Pinaki Swain, DC, Bela Mulder, Cees Dekker, DebasishChaudhuri
bioRxiv (2018); doi: 10.1101/348052. [Accepted for publication in Current Biology]

Cross-linker mediated folding and local morphologies in a model chromosome,
Amit Kumar &DebasishChaudhuri, arXiv:1811.08172 (submitted)

Symmetries of free massless particles and soft theorems :
Authors: Shamik Banerjee
ArXiv: 1804.06646

Conformal properties of soft operators - 1 : Use of null states :
Authors: S.Banerjee, P.Paul, and P.Pandey
ArXiv: 1902.02309

Complex magnetic structure and related thermodynamic properties of Mn2SnS4
T S Dash, S Naik, S. D. Kaushik, D. Samal, Saroj L Samal (under review).

Field-independent features in the magnetization and specific heat of
Sm3Co04Gel3
H. S. Nair, K. R Kumar, P. Mishra, D. Samal et al. (under review).

Robust weak antilocalization due to spin-orbital entanglement in Dirac material Sr3SnO

H.Nakamura, J. Merz, E. Khalaf, P. Ostrovsky, A. Yaresko, D. Samal, H. Takagi,
arXiv:1806.08712v1 (Under review in Nature Communications)

Dominant production of heavier Higgs bosons through vector boson fusion in NMSSM
(arXiv:1804.06630, Phys.Rev D)(D.Das)

Doubly-charged Higgs Boson at Future Electron-Proton Collider,
ArXiv:1903.0143 (M.Mitra)

The CLIC Potential for New Physics, arXiv:1812.02093, CERN Yellow Rep. Monogr. Vol.
3(2018) (M.Mitra)

Fat Jet Signature of a Heavy Neutrino at Lepton Collider, : arXiv:1810.08970, M.Mitra
Conference Proceedings

Constraining Non-Standard Interactions of Neutrino Using ICAL Detector at INO

Amina Khatun, SabyaSachi Chatterjee, TarakThakore, and Sanjib Kumar Agarwalla
Proceedings of the 22nd DAE-BRNS HEP Symposium, University of Delhi, Delhi,India,
12-16 December, 2016Springer Proc.Phys. 203 (2018) 289-292.
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Publications

Searches for ttH production at CMS, Proceedings of XXVI International Workshop on
Deep-Inelastic Scattering and Related Subjects (D1S2018), 16-20 April 2018, Kobe, Japan;

A K. Nayak [On behalf of the CMS Collaboration]
PoS(DIS2018)065; CMS-CR-2018-076; arXiv:1807.05500[hep-ex].

Characterisation of Metal by GEM Detector using Ion Beam Facility at IOP
A. Tripathy, P. K Sahu, S. Swain, S. Sahu and B. Mallick,
XXIII DAE-BRNS HIGH ENERGY PHYSICS SYMPOSIUM 2018

Construction of a single GEM detector using indigenous anode plate
A. Triparty, S. Swain, P.K Sahu, and S. Sahu,
XXIII DAE-BRNS HIGH ENERGY PHYSICS SYMPOSIUM 2018

Measurement of Ion backflow with GEM-based detectors
S Swain, P. K. Sahu, S. K. Sahu and A. Tripathy,
XXIII DAE-BRNS HIGH ENERGY PHYSICS SYMPOSIUM 2018

Enhanced production of multi-strange hadrons in proton-proton collisions
S. Sahoo, R. C. Baral, P. K. Sahu and M. K. Parida,
XXIII DAE-BRNS HIGH ENERGY PHYSICS SYMPOSIUM 2018

Simulation study for signal formation with single GEM detector
S S Dani, S Swain, P K Sahu and S N Nayak,
XXIII DAE-BRNS HIGH ENERGY PHYSICS SYMPOSIUM 2018

Books

“Molecular dynamics simulations of a feather-boa model of bacterial Chromosome”,
DC & Bela M Mulder,

Book chapter in Bacterial Chromatin edited by Remus T. Dame, Springer (2018). (Book
Chapter)

Papers published by External User

“Development of graphene capped silicon—silicon oxide core-shell nano-structure: Charge
trapping characteristics at the interfaces”

A. Nandi, S. Biswas, S. Chakrabarty, S. Majumdar, H. Saha, Mahesh Saini, and S. Hossain,
Applied materials Today13 (2018) 370.
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4.1. Colloquia & Popular Talk
4.1.1. Colloquium

SI. No. Date Name and address of Speaker

1 11.04.2018 Prof. Subhendra Mohanty
(PRL, Ahmedabad)

2 04.09.2018 Prof. D.D. Sarma
IISc, Bangalore

3 07.12.2018 Prof. Bela M. Mulder, Group leader:
Theory of Biomolecular Matter,
Institute AMOLF, Amsterdam

4 14.12.2018 Professor Mukunda P Das RSPE, The
Australian National University, Canberr:

5 17.01.2019 Prof. Sunanda Banerjee,
Fermilab, USA

6 30..01.2019 Prof. Tanusree Saha

Dasgupta, IACS Kolkata
4.2, Seminars

4.2.1. Seminar of General Interest

1 16.07.2018 Dr. Subhash C Yadav
AIIMS, New Delhi
2 16.07.2018 Dr. Biswarup Satpati
SINP, Kolkata.
3 16.08.2018 Surja Kiran Ghorui,
S.J.T.Univ., Shanghai, China.
4 17.08.2018 Manpreet Kaur,
Sri GGS University,
Punjab.
5 24.08.2018 Saumi Dutta
Univ. of Calcutta, Kolkata.
6 06.09.2018 Dr. Y P Prabhakara Rao
IS¢, Bangalore
7 24.09.2018 Dr. Venkata Sathish Akella
IIT Madras
8 26.10.2018 Dr. Anil K. Sinha
RRCAT, Indore
9 15.11.2018 Presentation from Baltic
Scientific Instruments
10 24.12.2018 Prof. Bir Bikram Singh
Sri GGS World University, India
11 07.01.2019 Dr. Sandipan Dutta,
IBS South Korea
12 16.01.2019 Prof. Amitabha Bhattachary, SPS,
Sikkim University
13 22.03.2019 Dr. Subrata Kumar Biswallnstitute of

Theoretical Physics,Chinese Academyof
Sciences.

Title
Dark Matter in the Universe

A New Generation of Photovoltaic Materials: Organic-
inorganic Hybrid Perovskites

"Microtubule dynamics: from biology to physics and
back"

Bose, Bosons and Boson Condensation
Collider Experiments and India

Beyond the conventional DFT: Life with U"

Principle, Evolution and

Advancement of Electron Microscopy (combined
session with WS02)

Transmission Electron Microscopy and associated
techniques for characterization of nanomaterials
Nuclear Isomers and their implications in the stellar
environments

Dynamics of Heavy Ion Collisions at Low and
Intermediate Energies

Radiative Neutron Capture Relevant to Heavy
Element Nucleosynthesis Processes

National Nanofabrication Centre: Facilities and
collaboration opportunities

Self-propulsion by Marangoni forces

X-ray Synchrotron Radiation Facilities at RRCAT,
Indore and their usages

Semiconductor Detectors and Nuclear Electronics
From Baltic Scientific Instruments.

Investigating the fusion enhancement for neutron-rich
mid-mass nuclei

Gene to Protein mapping in a simple mechanical
model of protein

Natural Soaps: A Biodegradable Alternative

Effects of the ¢-meson on the hyperon production in
the hyperon star and study of GW170817 by CSKP
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Colloquia and Seminars

4.2.2. Lecture Series

1 12.04.2018 Prof. Sourendu Gupta,
TIFR Mumbai

2 13.04.2018 Prof. Sourendu Gupta,
TIFR Mumbai

3 01.10.2018 Prof. Biplob Bhattacherjee
CHEP,IISc

4 03.10.2018 Prof. Biplob Bhattacherjee
CHEP, IS¢

5 04.10.2018 Prof. Biplob Bhattacherjee
CHEP, IISc

6 12.12.2018 Professor Mukunda P. Das
RSPE, The Australian National
University, Canberra, Australia
Professor Mukunda P Das
RSPE, The Australian National

University, Canberra, Australia

7 17.12.2018

Lecture series on Thermodynamics, phase transitions
and elementary particles

Lecture series on Thermodynamics, phase transitions
and elementary particles

Introductory lectures on QCD and collider physics

Introductory lectures on QCD and collider physics
Introductory lectures on QCD and collider physics

Anomaly in Quantized Conductance in Quasi-1D
Metallic Quantum Wire beyond the Landauer model

Anomaly in Quantized Conductance in Quasi-1D
Metallic Quantum Wire beyond the Landauer model

4.2.3. Synopsis / Annual Review Talk / Thesis Defence

1 20.04.2018 Mr. Subhadip Ghosh

2 30.05.2018 Mr. Arpan Das
IOP, Bhubaneswar
3 14.06.2018 Soumyabrata Chatterjee
IOP, Bhubaneswar
4 18.06.2018 Subhadip Jana
IOP, Bhubaneswar
5 21.06.2018 Bharat Kumar
IOP, Bhubaneswar
6 25.06.2018 Mahesh Saini
IOP, Bhubaneswar
7 26.06.2018 Alapan Dutta
IOP Bhubaneswar
8 26.06.2018 Amina Khatun
IOP, Bhubaneswar.
9 13.07.2018 Amit Kumar
IOP, Bhubaneswar
10 18.07.2018 Shreyansh Shankar Dave
IOP, Bhubaneswar.
11 25.07.2018 Sudipta Mahana
10P, Bhubaneswar.
12 08.08.2018 Puspendu Guha
IOP, Bhubaneswar.
13 13.08.2018 Sabya Sachi Chatterjee

84 Institute of Physics

Active maintenance of structure and transport: Impact
of molecular motors

Consequences of phase transition dynamics in
neutron stars and in inflation

Field Theory On Cosmological Space time: Some
Results from AdS/CFT

Tailoring Correlated Electron Oxide Thin Films
and Interfaces

Implications of Nuclear interaction for nuclear
structure astrophysics within the RMF model
Ion-beam induced patterning of materials and their
application in solar cell research

Hole-blocking solar cell

Constraining New Physics with Atmospheric
Neutrinos at [INO- ICAL
Microstructure formation on Chromosomes.

Superfluid Transition, Topological Vortices, and
Magneto- hydrodynamic Simulations for Relativistic
Heavy-ion Collisions.

Magnetic & Ferro-Electric Properties of someAdvance
functional oxide & Related Phenomena.

Silver Nanostructures on Oxide

Surfaces:Growth, Characterizations and Applications
Exploring Light Sterile Neutrinos and Long-Range
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IOP, Bhubaneswar.

14 27.08.2018 Sumit Nandi

IOP, Bhubaneswar
15 12.11.2018 Chandan Datta

IOP, Bhubaneswar
16 22.11.2018 Bharat Kumar

IOP, Bhubaneswar
17 28.11.2018 Nirakar Sahoo

IOP, Bhubaneswar
18 30.11.2018 Minati Biswal

10P, Bhubaneswar
19 30.11.2018 Tapoja Jha

IOP, Bhubaneswar
20 20.12.2018 Soumya C.

10P, Bhubaneswar
21 24.12.2018 Ranveer Singh

10P, Bhubaneswar
22 04.01.2019 S.S Dave,

10P, Bhubaneswar
23 29.01.2019 Paramita Maiti,

IOP, Bhubaneswar
24 15.03.2019 Pronoy Nandi,

IOP, Bhubaneswar

4.2.3. Seminar of High Energy Physics Group
1 10.04.2018 Prof. Subhendra Mohanty

PRL, Ahmedabad

Prof. Subhendra Mohanty

PRL, Ahmedabad

2 12.04.2018

3 19.04.2018 Mr. Kasinath Das
HRI, Allahabad

4 01.05.2018 Prof.A.K.Jaiswal
NISER, Bhubaneswar

5 21.05.2018 Dr. Aruna K.Nayak
IOP, Bhubaneswar

6 24.05.2018 Dr.Narendra Sahu

IIT, Hyderabad.
Dr. Monojit Ghosh
T.M. Univ., Japan
Sarif Khan

7 08.06.2018

8 11.06.2018

Forces in Long-Baseline Experiments

Quantum Information processing protocols and
entanglement.

"Quantification and characterization of
entanglement and coherence”

Implications of nuclear interaction for nuclear
structure and astrophysics within the relativistic
mean-field model (Thesis Defense)

Neutrino Mass, Anomalous Magnetic Moment of
Muon and Dark Matter in a simple framework
Temperature and temporal lattice site dependence
in lattice QCD and study of Pulsars asdetectors of
gravitational wave

FCNC Rare Decays and Flavour

Maximal Scenario of non-minimal Universal Extra
Dimensional Model

Exploring new physics at long-baseline neutrino
experiment

Growth and characterization of CdTe-based
multijunction hole-blocking solar cell.

Superfluid Transition, Topological Vortices and
Magneto-hydrodynamic Simulations for
Relativistic Heavy-ion Collisions

MBE grown molybdenum oxide nanostructures:
Growth, Characterizations, and applications.
Structural and Spectroscopic Investigations of
Organic- Inorganic Hybrid Lead Halide Perovskites.

Inflation and Early Universe
Introduction to inflation

Vector-like quarks in some gauge extensions of
Standard Model.

Relativistic dissipative hydrodynamics from kinetic
theory

Observation of tt(bar)H production at CMS

Darko-lepto-genesis for dark matter and baryon
asymmetry of the Universe

Current status of light sterile neutrino and its effect in
neutrino oscillation

Singlet-Triplet Fermionic Dark Matter and LHC
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HRI, Allahabad Phenomenology

9 24.07.2018 Dr. Frank F. Deppisch, Neutrinoless Double Beta Decay and BSM Physics
Univ. College London, UK.

10 30.07.2018 Prof. Santosh Kumar Rai Search for light Higgsinos at LHC with a
HRI, Allahabad. Right-neutrino LSP

11 09.11.2018 Ananya Mukherjee Connecting neutrino physics and related cosmology
Tezpur University within beyond standard model frameworks

12 19.11.2018 Sanjoy Mandal,IMSc Search for sterile neutrinos at colliders

13 22.11.2018 Dr. Gouranga Kole Measurement of Higgs boson properties in the H to
University of California, San Diego diphoton decay channel at LHC.

14 18.12.2018 Bibhuti Parida, Search for dark matter production in association with
Tomsk State University, a hadronically decaying vector boson at the ATLAS
Russia experiment

15 19.12.2018 Dr. Sujoy Poddar Searches for Electro weakinos at the Large Hadron
Diamond Harbour Womens University, Collider
West Bengal

16 21.12.2018 Shankha Banerjee Constraining certain Higgs couplings at the HL-LHC
Durham University And beyond.

17 16.01.2019 Prof. Genevieve Belanger, Micromegas: a tool for dark matter studies.
LAPTh,Annecy

18 23.01.2019 Prof. Genevieve Belanger, TBA
LAPTh, Annecy

19 24.01.2019 Prof. Eung Jin Chun's TBA
KIAS, Korea

4.2.5. Seminar of High Energy Physics Group (TPSC) ‘ ’

1 02.05.2018 Prof.S.N.Mishra Isomerism in Condensed matter Physics

TIFR, Mumbai.
2 16.11.2018 Dr. Aritra Biswas (IACS, Kolkata) b — clv anomalies in light of vector and scalar
interactions
3 26.12.2018 Dr. Raghavendra Rao Juluri, Dr APJ Impact of SiGe layer on SiC growth on Si
Abdul Kalam IIIT Ongole, AP

4 08.01.2019 Dr. Mehedi Masud, IFIC, Exploring Lorentz Invariance Violating (LIV)
University of Valencia, Spain Parameters at DUNE and its impact on octant studies.

5 13.02.2019 Dr. Ananya Mukherjee Leptogenesis in a normal hierarchy neutrino mass
Tezpur University model

4.2.6. Astrophysics Seminar

1 29.01.2019 Prof. Sarira Sahulnstitute of Nuclear ~ Are blazars sources of High energy neutrinos?
Science National Autonomous
University of Mexico

4.2.7. Seminar of Condensed Matter Physics Group

1 06.04.2018 Dr Sk, Firoz Islam Application of Floquet
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2 10.04.2018 Dr. Sandeep Choubey
Harvard University, USA

3 20.04.2018 Mr.Sudarshan Saha

4 24.05.2018 Dr. S.S Acharya
IOP, Bhubaneswar

5 28.05.2018 Dr. Sunita Srivastava
11T, Bombay.

6 18.06.2018 Dr Ranjan Modak

Penn. state Univ., U.S.A
Dr. Surender Pratap
BITS Pilani

Dr. Ajeet Sharma
Penn. State Univ., USA
Avijeet Ray

IIT, Roorkee.

Dr. Jaspal Singh,
SBAS, GGSI Univ.,
New Delhi.

Dr. Sanjukta Paul
SINP, Kolkata.

7 25.06.2018
8 12.07.2018
09.07.2018

9 26.07.2018

10 21.08.2018

11 21.08.2018 Satyaki Kar

IACS, Kolkata.
Sumit Majumdar
SINP / Jadavpur
University Kolkata
Dr. Firoz Islam

I0OP, Bhubaneswar
Dr. Debabrata Sinha
IACS, Kolkata

Dr. Narender Kumar
Inter-University Accelerator Centre

12 27.08.2018

13 05.10.2018
14 12.10.2018

15 23.10.2018

16 30.10.2018 Dr. Maiikarjuna Rao
Motapothula,Tandem
Laboratories, Uppsala University.
Dr. Krishnamohan Tripathi

HRI, Allahabad, India

Prof. S. D. Mahanti,

Michigan State University, USA
Prof. S. D. Mahanti,

Michigan State University,

17 29.11.2018

18 17.01.2019

19 24.01.2019

theory in Dirac materials

Characterizing the gene expression dynamics of cell
differentiation

Berry Phase and Haldane model

Electronic Structure Studies Using Angel Resolved
Photoelectron Spectroscopy

Structure - property correlation in bio-inspired
materials

Emergent eigenstate solution and work extraction

Quantum transport in the confined region of potential
well and quantum disordered wire case
Non-equilibrium coupling of protein structure

and function to translation-elongation kinetics

First Principle Study of Transport and magnetic
Properties  of certain correlated materials
Development of noble metal-TiO2 plasmonic
nanohybrids andnanocomposites for photocatalytic
applications

Giant magnetoelectric effect in manganite
heterostructures and the ferromagnetic-insulator
Phase in manganites.

Photo-induced Entanglement in a Magnonic Floquet
Topological Insulator

Synthesis, characterization and exploring potential
application of some iron oxide and gold

based functional nano and micro Structures.
Electronic Band Structure and Transport Properties of
Irradiated Dirac/semi-Dirac Material

Transport in multi-Weyl Semimetal Junctions

Commissioning of 2.45 GHz Microwave lon Source
based High Flux system

for ion implantation in materials

Sub-A focused ion beams by the aid of ion channeling
crystals

Transport signatures of Majorana zero modes in an
Aharonov-Bohm geometry

Trivial (ordinary) Insulators: Spin-driven Magneto-
electric (ME) phenomena

Topological Insulators: Orbital-driven ME
phenomena and AxionElectrodynamics Axion
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20

21

22

23

4.2.8.

4.2.9.

4.2.10.

Annual Report & .@
A

Colloquia and Seminars

USA

27.02.2019 Dr. Safiul Mollick
IIT Roorkee, NPDF

14.03.2019 Dr. P. Sekhar Burada
IIT-Kharagpur

18.03.2019 Dr. Dipanjan Chakraborty
IISER Mohali

28.03.2019 Saroj Kumar Mishra, Research-

Scholar, UGC-DAE Consortium for
Scientific Research, Indore

Experimental Nuclear Physics Seminar

14.05.2018 Dr.Jatis K. Dash
SRM, Amaravati
Quantum Information Seminar
23.07.2018 Shrobona Bagchi
IIT, Kanpur.
05.10.2018 Sibasish Ghosh, IMS¢

String Theory Seminar

18.03.2019 Prof. Diptarka Das,
IIT Kanpur

19.03.2019 Prof. Diptarka Das,
II'T Kanpur
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physics in non-topological insulators

Tailoring magnetic properties of thin film on patterned
substrate

A hydrodynamic-stochastic model of chemotactic
ciliatedmicroorganisms

Self-thermophoretic motion of a Janus particle - a
molecular dynamics study

Magneto-transport and calorimetric studies of
magnetic transitions in co(s1-xsex)2

Van der Waals epitaxy on 2D Layers

Tighter and reverse uncertainty relations for Hermitiar
and Unitary operators

Universal detection of

entanglement in two-qubit states

using only two copies

Modular Bootstrap With Applications to
Thermalization

Modular Bootstrap With Applications to
Thermalization
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4.3 LECTURES DELIVERED BY THE INSTITUTE MEMBERS

4.3.1 POPULAR TALKS
TITLE OF TALK

“ The universe” and discussion on “career choices”

“Detection of gravitationalwaves”

“Brahmand ki sanrachna (structure of the universe)”

“Importance of Hindi as medium of communication”

“Universe and elementary p